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Medotopes by Squibb— 
Radioactive Pharmaceuticals for diagnosis and therapy 


IODOTOPE DIAGNOSTIC 
Thyroid gland uptake, _ 
protein-bound-iodine (PBI) 
and 


volumes, 
ood and plasma vo 
circulation times, cardiac 


CHROMITOPE SODIUM 
Tagging red blood cells 

for volume, surviva _ 
bling. 


TOPE 
Paty acid absorption 
TRIOLEOTOPE 
Fat absorption and 
pancreatic function — 


a 


RADIO-CHOLOGRAFIN 
Liver function, blood 
circulation studies. 
ROBENGATOPE 

Liver function. 


HIPPUT TOPE 
Kioney function, 
circulation time. 


Medotopes cover an extensive range of 
diagnostic and therapeutic procedures, 
each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience. All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide ¢ Ferrutope * Phosphotope *« Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope * Iodo- 
tope * Iriditope * Phosphotope. 


Fer full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 


Squibb Quality 


—the Priceless Ingredient 


“aceumorore’®, ‘curomitore?®, 
‘copatore sa ano 60'®, 
“nipputore’, ®, ‘meoorores’ ®, ‘oreotore:®, 
‘rosencatore’®, ‘rusratore’®, 
AND ‘TRIOLEOTOPE’® aRe SQUIBG TRADEMARKS. 
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NEW BOOKS 


from YEAR BOOK MEDICAL PUBLISHERS 
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New Vol. 9- METHODS IN 
MEDICAL RESEARCH 


Enzyme Methods in Clinical Diagnosis and Investiga- 
tions, edited by OSCAR BODANSKY. 


Methods of Study of Pharmacologically Active Sub- 
stances and Chemical Activity of the Nervous System, | 
edited by T. L: SOURKES. 


Methods of Study of Intestinal Absorption and Metab- | 
olism, edited by J. H. QUASTEL. 


Studies of Electrical Recording from the Nervous System, 
edited by B. DELISLE BURNS. 
Approximately 448 Pages. Ready Nov. | 


New— MacFate’s 


INTRODUCTION T0 
THE CLINICAL LABORATORY 


By ROBERT P. MacFATE, Cu.E., M.S., Pa.D. Chief, | 
Division of Laboratories, City of Chicago Board of | 
Health. 448 Pages; Illustrated. $10.00. 


New— Davenport's 


PHYSIOLOGY OF THE DIGESTIVE TRACT 


By HORACE W. DAVENPORT, Pu.D., Professor and 
Chairman, Dept. of Physiology, University of Michigan. 
225 Pages; Illustrated. $8.50. 


New—Defares & Sneddon’s 


MATHEMATICS OF MEDICINE & BIOLOGY 


By J. G. DEFARES, Dept. of Physiology, University of | 
Leyden, and I. N. SNEDDON, Dept. of Mathematics, 
University of Glasgow. 663 Pages; 177 Diagrams, Tables | 
and Illustrations. $14.00. 


Available from Book Stores or the Publishers 


YEAR BOOK MEDICAL PUBLISHERS, INC. 
200 E. Illinois Street Chicago 11, Illinois 


CONTROL 
TO 1/10° 


WATER THERMOSTATS 


Individual, compact and flexible thermostats are a re- 
quirement in present day laboratories. HETO thermostats 
offer compactness and reliability in several styles and 
pump capacities; noiseless, radiation-free motors . .. and 
dual capacity controlled heater . . . cooling coils... 
all stainless tanks and fittings . . . and water flow 
control. Ideal for any temperature control application. 


CLOSED TANK 14” x 5” x 2'2" 


OPEN BATH TYPE 
24” x 12” x 6” 


Other sizes and types available, 
Write for Complete Heto Catalogue. 


SOLD AND SERVICED IN U.S.A. BY 


THE LONDON COMPANY 


i (Formerly Welwyn International Inc.) 
3355 Edgecliff Terrace CLEVELAND 11, OHIO 
In Canada: Bach-Simpson Ltd. 
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Need Laboratory Supplies or Equipment? 


gor contact 


BECKMAN AINSWORTH 88 OPTICAL mce PRECISION SC. CO. 
COLEMAN BECKER AMER. OPTICAL LAB. FURN. CO. 
INT. EQ. CO. SARTORIUS ZEISS © LEITZ LABLINE 
BUEHLER GLAS-cOL SLUEM 


DYNAZOOM’® MICROSCOPES 


Zoom up, zoom down at the twist of a dial with the new Bausch 
& Lomb DynaZoom® Laboratory Microscopes. The revolutionary 
MicroZoom* optical system makes “step magnification” obsolete. 
You can study and photograph specimens at any power from 
17.5X to 1940X! 


Price range: same as before. Flexible: choice of six microscope 
bodies which are interchangeable on basic stand. Ask us for 
Bulletin D-185 and price list. 


Each . so « Pricesstartat $229.00 


LABORATORY CARTS 
Save time, cut down on breakage and move things 
the sensible way—on lab carts (all stainless steel). 
H-7915 Heavy Duty Cart (illustrated). Carrying 
capacity is 400 pounds. Overall: 17%” x 30” x 322” 
high. With guard rails. 


H-7916 Utility Cart. Carrying capacity is 200 pounds. 
Overall: 15/2” x 27” x 31¥2” high. Without guard rails. 


(Note: on West Coast $71.00 and $37.95 respectively) 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 
SUPPLYING THE NATION'S LABORATORIES FROM COAST TO COAST 


SALES BRANCHES CINCINNATI 13, OHIO HOUSTON 11, TEXAS OAKLAND 1, CAL. 
AND WAREHOUSES 6265 Wiehe Road 6622 Supply Row 5321 East 8th Street 


CLEVELAND 6, OHIO DETROIT 28, MICH. LOS ANGELES 32, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 9240 Hubbell Ave. 3237 So. Garfield Ave. Jackson & Swanson Sts. 


SALES OFFICES © Baton Rouge 6, La. © Buffalo 2,N.¥. © Hastings-On-Hudson 6,N.Y. © Pittsburgh 22, Pa. 
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... from a metabolic point of view the young of 
different mammals have more in common with 
each other than with their parents. In fact, to 
look upon the young as a miniature adult could 


not be farther from the truth. 


The newborn 
is not 

a small adult 
Physiologically and biochemically, the infant is a unique creature with very special characteristics. Just after 


birth and during the first week of life, adjustments to living apart from the maternal bloodstream result in 
blood chemistry patterns very different from those which are normal for adults. 


Because of these differences, standards suitable for use in adult blood chemistry studies afford less assur- 
ance in determinations on the newborn, including the sometimes critically important bilirubin level. 


You now have available a new Versatol standard-in-serum especially standardized for blood chemistry 


determinations in the newborn: Ve rsa tol aaa 4 ia t ric 
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Versatol 
Pediatric 


Versatol® Pediatric 


In Versatol Pediatric, all constituents are present in concen- 
trations normal for serum of infants between birth and the 
fifth day of life—with one exception: bilirubin. 


An elevated bilirubin standard. A great many pediatric labora- 
tories have expressed a growing need for a Versatol standard- 
in-serum incorporating bilirubin at the critical 20 mg./100 mi. 
level. VERSATOL PEDIATRIC now fills that need, with bilirubin 
standardized at 20 mg. per 100 mi. in serum otherwise normal 
for the newborn. VERSATOL PEDIATRIC is the result of more 
than two years of coordinated investigation in over a dozen 
major university medical centers. A report on these studies 
was recently delivered before the Academy of Pediatrics Sub- 
committee on Bilirubin. 


An alkaline phosphatase control. The alkaline phosphatase 
enzyme in VERSATOL PEDIATRIC has been replaced quan- 
titatively to produce an exact amount of enzyme activity. 
Values for this activity, based on recoveries, are provided for 
the five most widely used methods. They are expressed in 
traditional units as well as International Units. 


In adult liver function studies, VERSATOL PEDIATRIC is a 
new and valuable tool, providing a reference standard for 
elevated (for adults) alkaline phosphatase and elevated 
bilirubin. 


VERSATOL PEDIATRIC, like all the Versatol series, is manu- 
factured by the unique General Diagnostics process of selec- 
tive dialysis, purification and weighing-back-in of serum 
constituents. Especially adaptable to micro- and semi-micro- 
chemical procedures, VERSATOL PEDIATRIC is packaged in 
vials to be reconstituted with 1.0 ml. of distilled water, 10 vials 
per box, $12.00 per box. 


Remember: the Versatols are your only standards-in-serum 
with weighed-in constituents. 
‘Lathe, G. H. (Sass-Kortsak, Andrew, ed.) in Kernicterus; report based 


on symposium held at IX International Congress of Paediatrics, 
Montreal, July, 1959. University of Toronto Press, Toronto, 1961. 


For maximum assurance in blood studies on the newborn, 


use the new infant-standardized Versatol Pediatric. Your 
distributor can supply you today. 


GENERAL DIAGNOSTICS . 


WARNER-CHILCOTT Oliv. MORRIS PLAINS. Not 
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Why arthritic patients 
feel much better on Dianabol 


1. In arthritis, 
Dianabol improves general 
physical condition 


Arthritis, like other chronic illnesses, plunges 
the body into a catabolic state. Protein stores 
are depleted; appetite wanes; weight drops; 
strength and vigor decline. By aiding the dep- 
osition, synthesis and utilization of protein, 
and by conserving calcium, Dianabol pro- 
motes lean weight gain, increases strength and 
vitality, and strengthens bone structure in pa- 
tients with a wide range of chronic diseases. 
Recent studies show that adjunctive use of 
Dianabol may be particularly valuable in pa- 
tients with arthritis to improve over-all clini- 
cal status. Kuzell and Naugler,' for example, 
report that arthritic patients on Dianabol 
“generally have experienced an increase in 
appetite, weight, strength and endurance.” 
Kuzell and Naugler note further: “Unlike 
some other testosterone derivatives, the use 
of this compound [Dianabol] is not followed 
by virilizing phenomena. Fluid retention has 
been no problem.” 


2. In arthritis, 
Dianabol helps restore 
a sense of well-being 


Plagued by pain and reduced mobility, ar- 
thritics often lose hope and become depressed. 
The marked improvement in general health 
usually associated with therapy with Dianabol 
may have a favorable effect in these patients, 
as it has in so many chronically ill individuals. 
As physical status improves, hope is revived 
and a sense of well-being restored. Comment- 
ing on the use of Dianabol in a group of debil- 
itated, cachectic patients, Gingrich? states: 
“The majority of patients experienced in- 
crease in appetite and a feeling of well-being.” 


3. In arthritis, 

Dianabol augments the 
beneficial effects of 
salicylates, corticosteroids, etc. 


Several investigators'>4 have observed im- 
proved therapeutic response after the addition 
of Dianabol to antiarthritis regimens. Kuzell 
and Naugler! state: “In generalized osteo- 
arthritis, symptoms have been less bother- 
some, and in ankylosing spondylitis gain in 
weight and strength has followed the use of 
Dianabol.” Clark.’ reporting on 12 hospi- 
talized patients with rheumatoid arthritis be- 
ing given moderate to large doses of 
corticosteroids with evidence of steroid intox- 
ication, noted that the addition of Dianabol 
promptly decreased joint symptoms but in- 
creased steroid intoxication. However, with 
Dianabol it was possible to reduce corticoster- 
oid dosage considerably, while maintaining 
and even furthering clinical improvement. In 
15 ambulatory patients on small maintenance 
doses of corticosteroids, the addition of 
Dianabol resulted in further clinical improve- 
ment which was continued even when corti- 
costeroid dosage was reduced in some cases.34 


4. In arthritis, 
Dianabo! counteracts 
the catabolic effects 
of corticosteroids 


Prolonged use of corticosteroids may result in 
excessive breakdown of protein in all tissues, 
including bone,> as well as undue phosphorus 
and calcium loss.® If protein destruction is 
allowed to go unchecked, it may lead to oste- 
oporosis—a condition that has occurred with 
increasing frequency in patients receiving cor- 
ticosteroids for extended periods.’ 

Tillis* asserts that it is “imperative” to restore 
the protein bone matrix in such patients 
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through the use of an anabolic agent. He stud- 
ied the specific anabolic benefits of Dianabol 
in 50 patients with osteoporosis (34 postmen- 
opausal and 16 corticosteroid-induced), most 
of whom also had rheumatoid arthritis. 
Dianabol relieved bone pain, increased 
strength and vigor, and induced a sense of 
well-being in 41 (82 per cent) of these pa- 
tients. Edema, observed in 8 patients, was 
cleared in 4 by reduction of dosage; the re- 
maining 4 responded promptly to hydrochlor- 
othiazide. Gastric distress was noted in 2 
patients, slight hoarseness in | woman, and 
facial acne in 1 woman. Other investigators*.? 
have shown that addition of Dianabol to the 
regimens of patients receiving corticosteroids 
improved nitrogen and potassium metabolism 
and reduced phosphorus and calcium losses. 
Reporting on 10 patients taking cortico- 
steroids, most of whom had corticosteroid- 
induced osteoporosis and/or myopathy, 
Abbott? states: “In the patients who showed 
a markedly negative nitrogen balance the 
administration of 10 mg. of Dianabol per day 
greatly reduced the protein deficit. In others 
who were eating well and taking smaller 
amounts of corticosteroids a positive nitro- 
gen balance resulted which increased with 
Dianabol.”” Abbott notes that creatinuria, 
which occurred on corticosteroids alone, was 
increased by Dianabol, as it is by methyl- 
testosterone and the newer oral methyl- or 
ethyl-testosterone derivatives. However, he 
observes that the “significance of this creatin- 
uria is not known and no ill effects have been 
ascribed to this change.” While the finding 
of elevated serum aldolase levels raised the 
theoretical possibility of potentially deleteri- 
ous effects, Vignos et al® and Abbott? noted 
no androgenic or myopathic effects and no 
liver disorders in patients who took Dianabol 
and corticosteroids for up to 8 months. Kuzell 


REFERENCES: 1. Kuzell, W. C., and Naugler, W. E.: Paper 
presented at the Annual Meeting of the American Rheuma- 
tism Association, Hollywood-By-The-Sea, Florida, June 9-11, 
1960. 2. Gingrich, G. W.: Clinical report to CIBA. 
3. Clark, G. M.: Paper presented at the Seventh Interim 
Session of the American Rheumatism Association, Dallas, 
Texas, Dec. 10, 1960. 4. Clark, G. M., Kaplan, S., Goobar, J., 
and Mills, D.: Arthritis and Rheumatism 4:106 (Feb.) 1961. 
5. Tillis, H. H.: Clin. Med. 8:274 (Feb.) 1961. 6. Lockie, 
L. M.: J.A.M.A. 170:1063 (June 27) 1959. 7. Boland, E. W.: 
J.A.M.A. 150:1281 (Nov. 29) 1952. 8. Vignos, P J., Jr., 
Abbott, W. E., Post, R. S., and Levy, S.: J. Lab. & Clin. 
Med. 56:954 (Dec.) 1960. 9. Abbott, W. E.: Research report 
to CIBA. 10. Misurale, EF: Minerva med. 51:996 (March 21) 
1960. 


and Naugler' state it is their impression that 
Dianabol has checked weight loss following 
prolonged administration of triamcinolone in 
patients with rheumatoid arthritis, They add 
that, with Dianabol, protein patterns have 
migrated toward normal profiles, purpura 
consequent to corticosteroid administration 
has been lessened, and the erythrocyte sedi- 
mentation rate has been diminished. 


advantages of 
Dianabol over other 
anabolic agents as an 
adjunct in the 
treatment of arthritis 


a Dianabol'‘ has an exceptionally favorable 
anabolic/androgenic ratio. The anabolic ef- 
fects of Dianabol occur at dosages which 
generally preclude androgenic side reactions. 
In this respect, Dianabol has proved superior 
to 12 other anabolic compounds.'° Laboratory 
evidence also indicates that Dianabol has no 
estrogenic, progestational, or corticoid-like 
activity which might be clinically detrimental. 
s Dianabol is economical. Low in cost, 
Dianabol is especially suitable for arthritic pa- 
tients who usually require long-term therapy. 
# Dianabol is effective orally. Because it is an 
oral preparation, Dianabol spares patients the 
inconvenience and discomfort of parenteral 
drugs. 


Dianabol 


low-cost, oral anabolic agent 


an important new ally in 
the treatment of arthritis 


Other indications for Dianabol: 

« Underweight, debility and weakness 

+ General physical weakness and cachexia due 
to chronic diseases 

¢ Retarded convalescence from illness, 
surgery, fractures, wounds, and burns 


For complete information about Dianabol (including 
dosage, cautions, and side effects), see 1961 Physicians’ 
Desk Reference or write CIBA, Summit, N. J. 


SUPPLIED: Tablets, 5 m 


(pink, scored); bottles of 100. Cc 1BRA 
DIANABOL® (methandrostenolone CIBA) 
NEW JERSEY. 
/2954mB 


t 
4 
~ 
| 
if 
: 
| 
: 
‘ 
4 
& 
4 | 


Many phases of physiological research 
require apparatus which will effect the 
uniform and predictable flow of liquids 
and gases. To meet such situations, 
Harvard Apparatus Co., Inc. makes 
available, at the lowest possible cost, 
and extremely wide range of pumping 
equipment. 


All pumps are made with the same 
fine workmanship and materials that 
have characterized the Company's 
equipment for so many years. Each 
pump will perform exactly as specified 
and will give years of trouble-free 
service. 


PUMPS FOR 
PHYSIOLOGICAL 
RESEARCH 


TYPES OF LIQUID 
Infusion Peristaltic 
Withdrawal Single Speed 
Single Syringe Multi-Speed 
Multiple Syringe Variable Speed 
Continuous-Automatic Servo Controlled 


Reciprocal Portable 


TYPES OF RESPIRATION PUMPS 
Single Speed © Variable Speed 


Multi-Speed Servo Controlled 


Pumps to meet special needs can 
be made to order. 


Please write for detailed data sheets and Catalog 1960-61, 


HARVARD APPARATUS CO., IMC. - Dover, Mass., U.S.A. 


(a non-profit organization) 


| OVER 1 $000 


CHEMICALS 


@ Quinine Phosphate 

®@ Quinoline-8-carboxylic Acid 

@ Quinoline-2,3-dicarboxylic Acid 

®@ Quinuclidine 

@ Resazurin (Sodium Salt) 

@ Retene 

@ Retene Quinone 

Rhaponticin 

2(a-Ribitylamino)-1,5-dimethyl- 
azobenzene 

@ 6-d-Ribitylamino-3,4-dimethy]- 
benzene 

@ Rubidium Iodide 

@ Rubrene (Tetraphenyl- 
naphthalene 

®@ Rufol 

@ Ruthenium Tetrachloride 

®@ Salicoside 

Salicylamine 


Ask for our new 
complete catalogue 


17 West 60th St., New York 23, New York 
Plaza 7-8171 


The Journal of Clinical investigation 
333 Cedar Street New Haven 11, Conn. 


COMPLETE VOLUMES 


OF 


BACK ISSUES 


. 27 (1948) six issues and one 
supplement 


Vol. 28 (1949) six issues and two 
supplements 


Vol. 29 (1950) twelve issues 


Vol. 30 (1951) twelve issues and 
one supplement 


Vol. 31 (1952) twelve issues 
Vol. 32 (1953) twelve issues 
Vol. 33 (1954) twelve issues 


Vol. 36 (1957) twelve issues and 
two supplements 


Vol. 37 (1958) twelve issues 
Index, Vols. 1-17, inc. 


Order While Available 
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recording 
dollar 


IMPROVED PERFORMANCE — WITHOUT INCREASED COST— 


NOW AVAILABLE IN NEW SANBORN SYSTEMS DESIGNED SPECIFICALLY FOR BIOPHYSICAL RESEARCH 


For recording up to four physiologic phenomena 
simultaneously —two new Sanborn systems offer 
all the benefits, operating advantages and im- 
proved performance of modern electronic compo- 
nents and instrument design. Signals to each 
system are fed through versatile, highly devel- 
oped interchangeable preamplifiers available in 
ECG /Genera! Purpose, Carrier, Low Level, Heart 
Sound and other types. Both vacuum tubes and 
transistors are used in the Preamplifiers, depend- 
ing on the best component for the particular cir- 
cuit. Additional reliability is obtained through 
the use of printed wiring boards and other elec- 
tronic advances. Recorders in each system are 


also of improved design. 
MEDICAL (Gj 


SAN BORN™N 


Series “964” direct writing (heated stylus) sys- 
tem has frequency response to 125 eps, horizontal 
chart movement for easy viewing and notations, 
nine chart speeds from 0.25 to 100 mm/sec. 

Series ''564’”’ photographic system has identi- 
cal preamplifiers and packaging. It features five 
chart speeds, simplified controls for easy opera- 
tion, and 500 cycle galvanometers for recording 
phenomena beyond the response range of a di- 
rect writer. Other advantages include wide scale 
deflection(upto15cm)and ability tooverlap traces. 

For complete information call the nearest 
Sanborn Branch Office or Service Agency — or 
write Manager, Research Instrument Sales, 
Medical Division. 
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clinical experience continues to indicate 
value of the CYTOTOXIC AGENT... 


CYTOXAN 


Cyclophosphamide, Mead Johnson 


for palliative chemotherapy of 


certain types of malignant neoplasms 


“Cyclophosphamide [Cytoxan] has proved a valuable addition to 
chemotherapeutic drugs available for the treatment of malignant 


Particularly effective in Hodgkin's disease, lymphosarcoma, chronic 
lymphocytic leukaemia, and myelomatosis....”! 


“Objective data suggest that this agent [Cytoxan] has advantages not 
possessed by standard alkylating agents now in clinical use.” 


“With the use of cyclophosphamide [Cytoxan] there is a relative lack 
of thrombocytopenia and a diminution in gastrointestinal side- 
effects, so that it may offer therapeutic advantages over other alkyl- 
ating agents.” 


Other Advantages in Clinical Practice: Broad-spectrum application. 
High therapeutic index. No vesicant activity—may be given orally 
or parenterally. 

(1) Matthias, J. Q.; Misiewicz, J. J., and Scott, R. B.: Brit. M. J. 2:1837-1840 (Dec. 24) 1960. 


(2) Coggins, P. R.; Ravdin, R.G., and Eisman, S. H.: Cancer /7:1254-1260 (Nov.-Dec.) 1960. 


(3) Papac, R.; Petrakis, N. L.; Amini, F., and Wood, D. A.: J.A.M.A. 172:1387-1391 
(March 26) 1960. 
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DOSAGE: For neoplasms relatively susceptible to Cytoxan 
— Patients with lymphomas and other neoplasms believed 
to be relatively susceptible to Cytoxan therapy are given 
an initial dose of 2-3 mg./Kg./day intravenously. White 
blood counts and platelet determinations should be made 
daily or twice weekly and the dosage adjusted accord- 
ingly. Intravenous infusions should be continued for at 
least 6 days unless otherwise indicated. A leukopenia of 
between 1500 and 5000 cells per cu. mm. (or lower) may 
be expected between the tenth and fourteenth day. In 
the presence of a leukopenia of less than 2000/cu. mm. 
Cytoxan should be discontinued until the white cell count 
returns to 2000 to 5000 (usually within a week). Dosage is 
subsequently adjusted as indicated by the patient's objec- 
tive response and the leukocyte count. If the patient is 
subjectively improved, if the size of the tumor has de- 
creased, or if the white cells are satisfactorily maintained 
between 2000 and 5000/cu. mm. oral dosage may be insti- 
tuted equivalent to intravenous dosage. 

Thrombocytopenia is rarely observed on this regimen. 
If platelet counts of less than 100,000/cu. mm. are ob- 
served, the patient should be watched carefully. If plate- 
lets continue to decrease, Cytoxan should be discontinued. 

The patient who has had previous treatment with al- 
kylating agents, or x-ray, or is debilitated may be more 
susceptible to bone marrow depression, and initial Cytoxan 
doses should be more conservative than the above. Such 
patients should have more frequent hematologic evalua- 
tion. Good medical practice demands access to a reliable 
hematologic laboratory when using Cytoxan. 


For neoplasms relatively resistant to Cytoxan— Patients 
with carcinomas and other malignant neoplasms believed 
to be less susceptible to Cytoxan therapy are given a 
dose of 4 to 8 mg./Kg./day intravenously. Unless there 
are indications to the contrary, this dose is continued for 
6 days, then stopped. Leukopenia usually ensues on the 
tenth to fourteenth day after the first dose of Cytoxan. 
Thrombocyte reduction is not common, and platelets may 
actually increase. The leukocyte count promptly returns 
toward normal levels in most cases, and as it begins to 
increase, sufficient Cytoxan is administered to maintain 
it near 2000 to 5000/cu. mm. This may be accomplished 
by two intravenous injections weekly, or by oral admin- 
istration, or by a combination of both routes. An oral 
dosage of 50 to 200 mg. daily or an intravenous injection 
of 5 mg./Kg. twice weekly will usually suffice. 

The platelet and leukocyte counts should be followed 

carefully, and the prior treatment history of patients 
carefully evaluated as delineated above. 
Leukopenia as a guide to adequacy of dosage —The best 
objective measure for dosage seems to be the number of 
circulating white blood cells. This is used as an index of 
the activity of the hematopoietic system, especially the 
bone marrow. The mechanism by which Cytoxan causes 
a reduction in the level of white blood cells is not known, 
but cessation of dosage results in an increase in the level, 
indicating that the hematopoietic system had not been 
permanently affected. When large doses (8 mg./Kg./day 
for 6 days) are given initially, the white cell count falls 
rapidly. Following the cessation of the 6-day course, the 
white cells may continue to decline for as long as 8 days 
and then increase. The reduction of the white cell count 
during Cytoxan therapy and its subsequent increase when 
therapy is discontinued can be repeated in the same pa- 
tient. Maximal reduction in leukocyte count indicates the 
maximal permissible Cytoxan level for therapeutic effect. 
Leukopenic patients must be watched carefully for evi- 
dence of infection. 

Total white blood cell and thrombocyte counts should 
be obtained 2 or more times weekly in order to evaluate 
therapy and to adjust dosage. 

SIDE EFFECTS: Although Cytoxan is related to nitrogen 
mustard, it has no vesicant effect on tissue. It does not 
traumatize the vein when injected intravenously, nor does 
it cause any localized tissue reaction following extravasa- 
tion. It may be administered intravenously, intramuscu- 
larly, intraperitoneally, intrapleurally or directly into the 


tumor, when indicated. It is apparently active by each of 
these routes. 

Nausea and vomiting are common and depend on dose 
and on individual susceptibility. However, many investi- 
gators accept the nausea and vomiting in favor of main- 
taining maximal therapy. The vomiting can be controlled 
with antiemetic agents. 

Alopecia is a frequent side reaction to Cytoxan therapy. 
It has been observed in 28% of the patients studied in 
this country. The incidence is greater with larger doses. 
The loss of hair may first be noted about the 2Ist day of 
therapy and may proceed to alopecia totalis. This effect 
is reversed following discontinuance uf Cytoxan; during 
reduced maintenance therapy, hair may reappear. It is 
essential to advise the patient in advance concerning this 
effect of the drug. 

Dizziness of short duration and of minor degree has 
occasionally been reported. 

Leukopenia is an expected effect and can be used as a 
guide to therapy. Thrombocytopenia may occur, especi- 
ally after large doses. The leukocyte or platelet counts of 
an occasional patient may fall precipitously after even 
small doses of Cytoxan, as with all alkylating agents. The 
drug should be discontinued in such patients and reinsti- 
tuted later at lower dosage after satisfactory hematologic 
recovery has occurred. Prior treatment with x-ray or with 
other chemotherapeutic agents frequently causes an 
earlier or exaggerated leukopenia or thrombocytopenia 
after Cytoxan medication. Only rarely has there been a 
report of erythrocyte or hemoglobin reduction. 
ADMINISTRATION: Add 5 cc. sterile water (Water for 
Injection, U.S.P.) to 100 mg. of Cytoxan in the sterile vial 
(add 10 cc. to 200 mg. vial). Shake, allow to stand until 
clear, remove with sterile syringe and needle and inject, 

The freshly prepared solution of Cytoxan may be ad- 
ministered intravenously, intramuscularly, intraperitone- 
ally, intrapleurally, or directly into the tumor. The 
solution should be administered promptly after being 
made but is satisfactory for use for three hours after 
preparation. 

If the patient is receiving a parenteral infusion, the 
Cytoxan solution may be injected into the rubber tubing 
if the solution is glucose or saline. 

No thrombosis or thrombophlebitis has been reported 
from injections of Cytoxan. Extravasation of the drug 
into the subcutaneous tissues does not result in local 
reactions. 

PRECAUTIONS: Cytoxan should not be given to any 
person with a severe leukopenia, thrombocytopenia, or 
bone marrow infiltrated with malignant cells. It may be 
given with suitable precautions to patients who have had 
recent X-ray treatment, recent treatment with a cytotoxic 
agent, a surgical procedure within 2-3 weeks, or debili- 
tated patients. 

AVAILABILITY: Cytoxan is available as follows: 

Cytoxan for Injection, 100 mg., a sterile dry-filled vial 
containing 100 mg. cyclophosphamide and 45 mg. sodium. 
chloride. Packaged, 12 vials per carton. 

Cytoxan for Injection, 200 mg., a sterile dry-filled vial 
containing 200 mg. cyclophosphamide and 90 mg. sodium 
chloride. Packaged, 12 vials per carton. 

Cytoxan Tablets for oral administration, 50 mg., white, 

round tablets, flecked with blue for easy identification, 
Packaged, 100 tablets per bottle. 
For a copy of the Cytoxan brochure, or other additional 
information on Cytoxan, communicate directly with the 
Medical Department, Mead Johnson Laboratories, Evans- 
ville 21, Indiana. 


Mead Johnson 
Laboratories 


Symbol of service in medicine 
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CHLORAMBUCIL (tormerty known as 1348) 


FOR CHRONIC LYMPHOCYTIC LEUKEMIA 


A derivative of nitrogen mustard, it has provided amelioration of follicular lym- 
phoma, lymphocytic lymphoma with or without leukemia, and Hodgkin’s disease. 


BUSULFAN 


FOR CHRONIC MYELOCYTIC LEUKEMIA 


“Myleran’ has been reported to induce remissions, lasting up to two years, in chronic 
myelocytic leukemia. In addition to the decrease in total white cell count and a 
selective reduction of immature myeloid cells, it usually gives, early after its ad- 
ministration, a rise in hemoglobin level and pronounced subjective improvement. 


MERCAPTOPURINE 


FOR ACUTE LEUKEMIA AND CHRONIC MYELOCYTIC LEUKEMIA 


‘Purinetho!’ provides worth-while temporary remissions, either partial or complete, 
in a high percentage of patients. In general, a higher proportion of children than 
adults with acute leukemia respond favorably. 


Tablets of 50 mg. 


Facilities for complete and frequent blood counts must be available for patients 
receiving ‘Leukeran’, ‘Myleran’ or ‘Purinethol’. 


Full information about these products will be sent on request. 


K BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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Unsurpassed 
Accuracy 
for pH and mV 
Measurements 


The Model pHM 4 


an All-New pH meter developed for research applications by 


© Transistorized 2 ADIOMETER 


© Potentiometric 
If your requirements are exceptionally demanding, do 
not fail to evaluate the Radiometer pHM4. 


We are exceptionally proud of Radiometers latest By all means write for further information 


achievement —a transistorized pH meter which in- 
cludes these outstanding attributes: 


Very low zero drift. 
Accuracy for pH differences to + 0.001 pH. 
Accuracy for mV measurements + 0.2 mV + 
0.05%. 
Reads direct in pH (0 to 14) or mV (0 to + 1500). 
Uses wide variety of plug-in or remote electrodes. 
Built-in battery condition test and standard cell. 
oe -_ two types of readily obtainable 1.5 volt 
ry cells. 
Wide buffer adjustment range. 
Small view field for minimum eye travel. 2s 


Controls conveniently located 


twetonpon company RADIOMETER: 


(Formerly Welwyn International Inc.) 
3355 Edgecliff Te CLEVELAND 11. OHIO 72 Emdrupvei COPENHAGEN, DENMARK 


In Canada: Contact ony Branch! of Canodian Laboratory Supplies Limited” 
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ABSTRACTS 


Babson, A. L., Read,-P. A., and Phillips, G. E.: 
The importance of the substrate in assays of acid 
phosphatase in serum. Am. J. of Clin. Path, 32:1 
83-87, July 1959. 


A comparison is made between six generally 
used substrates for their relative specificity to 
prostatic and erythrocytic acid phosphatase. Re- 
sults showed that a new substrate, alpha-naphthyl 
phosphate, was twice as specific as beta-glycero- 
phosphate and 40-100 times as specific as all 
other substrates investigated. Acid phosphatase 
assays in serum should be specific for that en- 
zyme arising from cancerous prostatic tissue. 
The substrate alpha-naphthy! phosphate* is spe- 
cific for this enzyme. 


Babson, A. L., and Read, P. A.: A new assay for 
prostatic acid phosphatase in serum. Am. J. Clin. 
Path. 32:1, 88-91, July 1959, 


-~— A new and specific method for the determina- 

tion of prostatic acid phosphatase in serum is 

Af &. presented. The method is based on the use of a 

new substrate alpha-naphthyl phosphate’ which 

JA and measures only acid The 

method is simple and rapid to perform with a 

minimum of manipulation. In this procedure the 

- color developed represents prostatic enzyme ac- 

tivity alone. The reagents for this new method 
are available in convenient and stable form.* 


___*Phosphatabs; Acid 


reprints of the original articles are available on request from: 


GENERAL DIAGNOSTICS owvwision 
WAR N ER-CH LCOTT DIV. MORRIS PLAINS. 
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THE INFLUENCE OF BARBITURATES ON COUMARIN PLASMA 
LEVELS AND PROTHROMBIN RESPONSE * 


By PETER G. DAYTON, YAVUZ TARCAN, THEODORE CHENKIN anp 
MURRAY WEINER 


(From the New York University Research Service, Goldwater Memorial Hospital, Welfare 
Island, New York, N. Y.) 


(Submitted for publication April 25, 1961; accepted May 19, 1961) 


Wide individual variations in response to drugs 
is a common clinical problem, and is especially evi- 
dent with coumarin anticoagulant therapy (1-3). 
A possible contributing factor to such variations 
could be the influence of another presumably un- 
related drug upon the response to the coumarin 
anticoagulant. Reports from several laboratories 
(4-7) indicate that barbiturates can reduce the 
prothrombin response to coumarin anticoagulants. 
This report presents initial results of studies de- 
signed to determine the manner by which barbitu- 
rates alter the response to coumarins in man, 
guinea pig and dog. 


MATERIAL AND METHODS 


Guinea pigs. Diet, method of handling guinea pigs, and 
blood sample collection have been reported (8). Drugs 
were administered to guinea pigs intraperitoneally, barbi- 
tal and acenocoumarin as aqueous solutions of their so- 
dium salts in 0.5 to 1 ml, and chlorobutanol in 1.0 ml of 
peanut oil. 

Dogs. Dogs were maintained on Kibbled dog food 
(Big Red Co.). They were given biscoumacetate (75 
mg per kg) intravenously and barbital orally (50 mg 
per kg). 

Human subjects. Ambulatory, hospitalized subjects 
free from known liver, kidney .or gastrointestinal disease, 
on a regular hospital diet were studied. Their age ranged 
from 40 to 60 years. Heptabarbital and acenocoumarin 
were administered orally. Dicumarol (bishydroxycou- 
marin) and biscoumacetate were administered either 
orally or intravenously. 

Chemical methods. The procedures for the estima- 
tion of prothrombin time (9), Dicumarol (10), and bis- 
coumacetate (11) have been described. Acenocoumarin 
was determined by the method used for biscoumacetate 
except that the final extraction was made into a smaller 
volume (2 ml) of NaOH, and optical density was meas- 


* Presented in part before the American Heart Asso- 
ciation, Philadelphia, Pa., October 25, 1959. This in- 
vestigation was supported in part by Research Grant 
H-4347 (C 1), National Heart Institute, United States 
Public Health Service, Bethesda, Md., and the National 
Vitamin Foundation, New York, N. Y. 


ured at 302 my. Barbital and heptabarbital did not in- 
terfere with the analyses of Dicumarol, biscoumacetate 
and acenocoumarin. 


RESULTS 


Studies with guinea pigs. Administration of 
several daily doses of 140 mg per kg of sodium 
barbital to guinea pigs had no effect on prothrom- 
bin time (Table 1). Administration of acenocou- 
marin produced the expected hypo-prothrombine- 
mia observed previously (8). However, in ani- 
mals which had received acenocoumarin after 
pretreatment with barbital, no appreciable hypo- 
prothrombinemia was noted. At this dosage level 
of barbital the effect was consistent; with lower 
doses (100 mg per kg) block of acenocoumarin 
effect was less complete. Pretreatment with three 
daily doses of chlorobutanol (125 mg per kg) also 
antagonized the hypo-prothrombinemia induced by 
acenocoumarin. The average prothrombin time 
in the acenocoumarin-treated control group was 
70 seconds (whole plasma) and 53 seconds in the 
chlorobutanol- and acenocoumarin-treated group. 
The corresponding time was 145 seconds and 84 


TABLE I 


Prothrombin response of guinea pigs to acenocoumarin, 
barbital, and acenocoumarin and barbital 


Plasma prothrombin time* 


Whole Saline diluted (12.5%) 


Average Range Average Range 


Saline (1 ml) i 32-45 54 
Barbitalt F 32-43 62 
Acenocoumarint —250 > 200 
Acenocoumarint 

and 33-61 80 
barbitalt 


* Blood collected on Day 5; nine animals in each group. 

+ Sodium barbital, 140 mg/kg, i.p. daily on Days 1+4. 

t Sodium acenocoumarin, 4.5 mg, i.p. on Days 3 and 4 
in 1 ml water. 
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TABLE I 


Effect of pretreatment with barbital on plasma levels 
of acenocoumarin in guinea pigs * 


No pretreatment Pretreatedt 
Plasma level Plasma level 

No. of No. of - - 
Time animals Mean Range animals Mean Range 

krs me L 
0.5 5 40 25-56 8 26 18-4? 
1 7 16 7-24 
1.5 11 34 16-51 9 6.6 2-12 


* All animals were injected i.p. with 33 mg/kg of sodium acenocou- 
marin, and sacrificed at the indicated time. 

+ Injected with single daily i.p. doses of 140 mg. kg of sodium barbital 
beginning 4 days prior to the experiment. 


seconds for diluted plasma. Chlorobutanol by it- 
self had no effect on prothrombin time. 

Barbital has a half-life in plasma of about 3 days 
in guinea pigs, and is not appreciably metabolized 
(12). The half-life of acenocoumarin, as meas- 
ured by the fall in plasma concentration in guinea 
pigs, is much shorter than that of barbital. Con- 
siderably lower levels of acenocoumarin were found 
in barbital-pretreated animals than in control ani- 
mals (Table II). In both groups of animals de- 
tectable amounts of acenocoumarin were absent 
in the plasma at the time of prothrombin estima- 
tion (24 hours after dosage). 


—— NOT PRETREATED 
ie PRETREATED 
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Fic. 1. PLASMA LEVELS IN TWO DOGS FOLLOWING AN 
INTRAVENOUS DOSE (75 MG/KG) OF BISCOUMACETATE. The 
same dose was repeated in the same animal several 
weeks later, 2 hours after an oral dose of barbital (50 
mg/kg). 
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Studies in dogs. Plasma levels of biscoumace- 
tate after a single intravenous dose of the drug 
were compared with levels resulting from the same 
dose after pretreatment of the same animals with 
barbital (Figure 1). Pretreatment accelerated the 
decline of the plasma biscoumacetate level and 
reduced the hypo-prothrombinemic response. Di- 
luted (12.5 per cent) plasma prothrombin time 
48 hours after dosage was 75 seconds (Dog 1) 
and 66 seconds (Dog 2) without pretreatment, 
and 65 and 48 seconds with pretreatment. 
Studies in man. The prothrombin response was 
measured in the same human subjects after: 7) 
an oral dose of a coumarin anticoagulant only ; 


607 
INCREASE IN 1 
PROTHROMBIN 40 
SEC 20) 
os 
507 
BISCOUMACETATE 1004 
PLASMA LEVEL 
MG/L. 1503 
200 


Fic. 2, MAXIMAL PROTHROMBIN RESPONSE (UPPER 
BARS ) AND BISCOUMACETATE PLASMA LEVEL 5 HOURS AFTER 
A SINGLE ORAL DOSE OF THE DRUG (LOWER BARS) IN TWO 
ILLUSTRATIVE HUMAN SUBJECTS. The first set of bars 
presents values obtained in a relatively resistant subject 
(Wi), and the second set in a sensitive subject (M). 
The first bar in each set (6), results without barbiturate ; 
the center bar (a), pretreated with 400 mg heptabarbital 
1 hour before the anticoagulant; the last bar (p), hepta- 
barbital 5 hours after the anticoagulant. 


2) pretreatment with an orally administered bar- 
hiturate (heptabarbital) followed by an_ orally 
administered coumarin; 3) an orally administered 
coumarin, followed by an orally administered bar- 
biturate; 4) an intravenous dose of a coumarin 
only ; 5) pretreatment with an orally administered 
barbiturate followed by an intravenously adminis- 
tered coumarin. Experiments on individual sub- 
jects were carried out at 2- to 3-week intervals. 
Results of experiments with biscoumacetate are 
shown in Figure 2 and Table II]; with Dicumarol 
in Table IV and with acenocoumarin in Table V. 
Pretreatment with heptabarbital, followed by an 
oral dose of any of the three coumarin anticoagu- 
lants resulted in lower plasma levels of the cou- 


= 
| 
| 
| 
| 
| 
che 
—~ 
600 
‘ 
400 
MG 
\e 
5, 49 
100 \ 
80+ \\ 
604 \\ 
1 \\ i 
\ 
\ 
10 
| 
Saf 


INFLUENCE OF BARBITURATES ON COUMARINS 


TABLE III 


Effect of heptabarbital on biscoumacetate plasma levels and prothrombin response in man 


Drugs administered Maximum increase in Plasma level of biscoumacetate 
- — prothrombin time after dose at 


Biscoumacetate Heptabarbital (400 mg, oral) 
- -- Whole 12.5% Saline 
Subject Dose Route Pretreatment Posttreatment plasma diluted plasma 1 hr 4 irs 5 hrs 24 hrs 
a meg hrs before hrs after sec mg/L me/L 
Wi 1,800 Oral 0 0 5.8 10.2 44 <i 
1,800 Oral 1 0 i2 0.5 4.8 <i 
1,800 Oral 0 $ 3.0 15.0 66 4.6 
M 1,500 Oral 0 0 16.2 68.0 170 9 
¥ 1,500 Oral 1 ( 4.5 13.0 75 1 
1,500 Oral 0 5 10.0 58.0 136 94 
Ss 1,500 Oral 0 0 3.5 15.0 137 4.0 
1,500 Oral 1* 0 2.0 9.0 63 3.0 
1,500 i.v 0 0 2.0 ye B 152 83 24 
1,500 i.v 1 0 3.0 22.0 180 110 31 
Wr 1,500 iv. 0 0 4.0 13.5 138 $1 24 
1,500 iv. 1* 0 35 11.0 136 47 23 


* Besides the heptabarbital dose given 1 hour before the coumarin, 400 mg/day was given for 3 to 5 days before the day of the experiment. 


marin and a decreased prothrombin response, com- rather than before the coumarin, had a slight ef- 
pared with experiments in which the coumarin fect in some instances, and none in others. Blood 
was given alone, either orally or intravenously. levels of acenocoumarol were low (less than 3.5 
Administration of the barbiturate 5 hours after mg per L) in all subjects without pretreatment, 


TABLE IV 


Prothrombin times 
- - ——— Plasma conc. ot 


Subject B Subject C Dicumarol 
Drugs administered collection Whole Dil. Whole Dil. Subject B Subject ( 
hrs sec mg, L 
Dicumarol, 500 mg p.o. Control 13.0 29.5 14.5 33.0 
24 13.0 35.0 15.0 $1.5 23.1 29.2 
48 20.0 o1.5 19.5 61.5 19.2 9 
125 14.5 17.1 
11.8 


Dicumarol, 500 mg p.o. Control 14.5 24.5 14.5 23.0 

Heptabarbital, 400 mg/day 24 15.5 Zio 15.0 33:5 14.5 1.8 

for 3 days and 1 hr 48 17.0 29.5 14.0 30.0 14.1 2.2 

before Dicumarol 72 16.0 30.5 14.5 27.0 6.9 3.0 
96 14.0 34.5 13.0 28.5 <0.9 


Dicumarol, 500 mg p.o. Control 13.5 26.0 15:5 29.5 

Heptabartital, 400 mg 5 21.4 8.9 

5 hours after Dicumarol 24 19.5 Ki fos 18.5 40.0 13.6 12.5 
2 48 24.0 48.0 18.0 44.0 12.0 8.6 
4 72 20.5 43.5 15.0 31.5 10.0 4.4 


Dicumarol, 500 mg i.v. Control 13:5 32.0 13.0 Sra 
5 


23.0 
16.5 


Dicumarol, 500 mg i.v. 
Heptabarbital, 400 mg/day 5 49.6 43.0 
for 3 days and 1 hr before 24 17.0 35.0 19.5 40.0 
Dicumarol 48 23.0 


‘ 
1799 
3 
; Effect of heptabarbital on Dicumarol plasma levels and prothrombin response in man es 
A 
| 
24 17.0 37.5 19.5 39.5 30.0 31.8 
48 31.0 24.5 52.0 24.0 22.6 
72 16.2 23.0 18.8 
96 47:5 33.0 17.0 35.0 18.7 11.9 
72 28.0 26.0 16.0 11.8 
ie 96 15.5 20.5 14.0 8.7 = 
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TABLE V 


Influence of heptabarbital on maximal prothrombin response 
to acenocoumarin in 3 human subjects 


Peak prothrom- 
bin time 
Diluted 
(12.5%) 
plasma 


Whole 


Subject* plasma 


No pretreatment 
Pretreated 
F No pretreatment 
Pretreated 
H No pretreatment 
Pretreated 
* Each subject was given a single oral dose of 50 mg of 
acenocoumarin (no pretreatment). Three weeks later 
each subject received an oral dose of 400 mg of heptabar- 
bital daily for 4 days. The last dose was followed in 1 hr 
by a single 50 mg oral dose of acenocoumarin. , 


and undetectable with pretreatment. There were 
individual differences in the response to cou- 
marins, but these variations are well known from 
previous studies (2, 11). Pretreatment with a 
barbiturate had no appreciable effect on plasma 
levels of the anticoagulant or prothrombin time re- 
sponse to an intravenous dose of biscoumacetate. 

It was noted that after an intravenous dose of 
biscoumacetate the plasma level at 24 hours was 
20 to 30 mg per L, whereas after oral dosage the 
level was less than 10 mg per L (Table IIT). 
Since biscoumacetate is rapidly metabolized (about 
25 per cent per hour) in man, and absorption is 
delaved 1 to 2 hours (11), the plasma levels of 
the drug + to 5 hours after oral dosage are con- 
sistently higher than those after intravenous ad- 
ministration of the same dose. Yet, the data in 
Table III show that at 24 hours there are higher 
levels following intravenous dosage than after oral 
dosage. The readings obtained by the method of 
analysis employed may represent, at least in part, 
a metabolite of biscoumacetate rather than the 
drug itself. In any event, it is apparent from 
these data that the metabolic fate of the drug after 
oral administration differs from that after intra- 
venous administration. It is therefore conceiv- 
able that the observed difference in effect of bar- 
biturates on orally versus intravenously adminis- 
tered biscoumacetate in man may be a metabolic 
effect rather than an effect on absorption. It 
has previously been shown (13) that the meta- 
bolic pathway of biscoumacetate is quite differ- 
ent in various species. 
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DISCUSSION 


During studies with human subjects, Avellaneda 
(6) noted that a variety of orally administered bar- 
biturates (including heptabarbital) decreased the 
hypo-prothrombinemic response to biscoumacetate 
in about two-thirds of the cases studied. The 
mechanism of this effect was not explained. In 
the present study, measurements of plasma levels 
of the anticoagulants revealed that barbiturate- 
induced reduction of hypo-prothrombinemic ef- 
fect was correlated with lower plasma levels of 
the anticoagulant in man and in other species. The 
effect was observed not only with biscoumacetate 
but also with Dicumarol and acenocoumarin. It 
was shown that the relative timing of dosage and 
the route of administration of the coumarin deriva- 
tives were important. 
had no appreciable influence on plasma levels or 


3arbiturate pretreatment 


hypo-prothrombinemic effect of intravenously ad- 
ministered coumarin anticoagulants in man. Bar- 
biturate administered after the coumarins also 
had little or no effect. 

These findings exclude a vitamin K-like mecha- 
nism to explain the barbiturate effect. Unlike 
barbiturates, vitamin K, is effective even when 
given hours or days after the coumarin, and the 
action is independent of the route of administra- 
tion of the coumarin; furthermore, Vitamin K 
does not affect the plasma levels of coumarin anti- 
coagulants (14). Barbiturates themselve’ do not 
affect coagulation (8,15). The barbiturates could, 
however, influence the physiological disposition of 
the coumarin. The finding that a drug can in- 
fluence the disposition of another apparently un- 
related drug is not unique in man (16) or ex- 
perimental animals (17). 


The question arises whether barbiturates af- 
fect the absorption of coumarin anticoagulants. 
It is known that absorption of Dicumarol is slow 
and sometimes incomplete (2), possibly because of 
the low aqueous solubility of the drug at the pH 


range of the gastrointestinal tract. However, 
acenocoumarin forms a sodium salt which is quite 
soluble at pH 7 (8) and biscoumacetate is rapidly 
absorbed from the small intestine (11). 

Do barbiturates influence the rate of metabolism 
of the coumarin? Such an explanation may at 
first be considered unlikely, since in man the ef- 
fect was not observed when the coumarin was 
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INFLUENCE OF BARBITURATES ON COUMARINS 


given intravenously. However, these findings in 
man are different from those in the guinea pig 
and dog. Pretreatment of guinea pigs with barbi- 
tal (and also with chlorobutanol in adequate 
dosage) completely inhibited the hypo-prothrom- 
binemic action of intraperitoneally administered 
This species difference may be 
related to several factors. The doses of barbitu- 
rate employed in the experiments with human 
subjects were small compared with those given to 
the guinea pigs. In the dog, pretreatment with 
barbiturate results in lower biscoumacetate levels 
after intravenous administration of the anticoagu- 
lant. Species differences in the metabolic path- 
way of some coumarins have been clearly demon- 
strated (13). The data in man suggest differ- 
ences in the metabolic pathways of oral versus 
It is therefore pos- 


acenocoumarin. 


intravenous biscoumacetate. 
sible that, in man, barbiturate pretreatment may 
influence the metabolic fate (other than absorp- 
tion) of orally administered biscoumacetate, even 
though there is no detectable effect on the fate of 
intravenously administered biscoumacetate. 

The results obtained in guinea pigs (antagonism 
of acenocoumarin by barbital and chlorobutanol ) 


and dogs (antagonism of biscoumacetate by barbi- 


tal) are similar to the earlier observations of 
Baumann, Field, Overman and Link (4, 5) (an- 
tagonism of Dicumarol by chlorobutanol, amino- 
pyrine, and so forth) in rats. Several of the drugs 
that produce this antagonism, including barbitu- 
rates, were known to increase the biosynthesis, 
excretion and tissue levels of L-ascorbic acid in 
dogs and rats (18). In fact, Link and co-work- 
ers studied the effect of the “vitamin C stimu- 
lators’” on Dicumarol-induced hypo-prothrombi- 
nemia, because they had previously observed that 
L-ascorbic acid can influence and even antagonize 
coumarin-induced hypo-prothrombinemia (19, 20). 

Might the coumarins themselves, like the bar- 
biturates, stimulate the enzymes responsible for 
coumarin metabolism? After prolonged continu- 
ous therapy with biscoumacetate, the plasma level 
pattern upon discontinuation is the same as that 
following the initial dose (3). Repeated intra- 
venous Dicumarol or biscoumacetate 
given to the same subject result in similar plasma 
level curves (2, 13). In fact, in the same subject 
the half-life of a large dose of Dicumarol or bis- 
coumacetate is longer than that of a small dose 
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(2,11). Thus, at least in man, coumarins do not 
accelerate their own metabolism in therapeutic 
dosage. 

Coumarin anticoagulant therapy is frequently 
accompanied by the administration of other drugs, 
including barbiturates. This may add to various 
other difficulties (1-3, 11) in controlling the hypo- 
prothrombinemic effect of coumarins in the treat- 
ment of thromboembolic diseases. It may be nec- 
essary in the future to pay more attention to the 
mutual influence of concomitant therapy on the 
physiological disposition of the drugs employed. 


SUMMARY 


Results obtained in guinea pig, dog and man 
show that pretreatment with barbiturates may an- 
tagonize the hypo-prothrombinemic effect of cou- 
marin anticoagulants. This effect has been cor- 
related with lower plasma levels of the anticoagu- 
lant drugs. In man, route and timing of dosage 
significantly influence this barbiturate effect. 
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Indirect evidence has been adduced that insu- 
lin-binding antibodies in man, formed in response 
to treatment with commercial mixtures of beef- 
pork insulin, react also with human insulin (1). 
Thus, human insulin inhibits competitively the 
binding of I**!-labeled beef, pork, sheep or horse 
insulin to antibeef-pork insulin antibodies. How- 
ever, the observation that much higher concen- 
trations of human insulin than of animal insu- 
lins may be required to effect a comparable 
reduction in the binding of animal insulin-I**? sug- 
gests that the reaction with human insulin is, in 
such cases, considerably weaker than with animal 
insulins (1). The failure to detect reaction with 
human insulin in some studies (2) may be inter- 
preted (1) on this basis. It also appears likely 
that these quantitative relationships may explain 
why certain diabetic subjects can exhibit a mode- 
rate degree of resistance to animal insulins and 
yet maintain fairly good control of blood sugar 
through stimulation of their own endogenous in- 
sulin secretion in the absence of exogenously ad- 
ministered insulin (3). 

In order to study the reaction of human insulin 
with antibody in a direct manner, the use of I**!- 
labeled human insulin is mandatory. Since pure 
crystalline human insulin is not generally avail- 
able,t a crude preparation must serve as starting 
material. The purposes of this communication 
are to describe the preparation and purification 
of human insulin-I**', to demonstrate its reaction 
with human antibodies against beef-pork insulin 
and to consider the clinical implications of such 
reaction. 


METHODS 


All serums were taken at least 24 hours after the last 
dose of insulin and were allowed to remain at 4° C for at 
least 2 months to permit destruction by plasma (3) of 
any residual insulin. Two patients (H.L. and M.N.) had 


1To our knowledge, human insulin has not yet been 
obtained in crystalline form. 


not received insulin for about 1 year and 4 years, re- 
spectively, prior to withdrawal of the serum tested. 

The starting material employed for iodination was a 
powdery preparation of human insulin generously sup- 
plied by Dr. A. M. Fisher, Connaught Laboratories, 
Toronto, which assayed at 6.8 U per mg in March 1956 
(4), but was thought possibly to have decreased slightly 
in hormonal potency by 1959. Since several crystalline 
animal insulins obtained from Dr. Fisher were estimated 
at about 22 U per mg, we had tentatively assigned a 
value of 6.0 U per mg to the human insulin based on a 
reference standard of 22 U per mg for pure insulin (5). 
This material was tested by immunoassay in 1959 against 
a preparation of human insulin, obtained from Dr. F. 
Tietze (through the courtesy of Dr. J. Field, National 
Institutes of Health), which had recently been assayed 
in the Lilly Research Laboratories. The assigned value 
of 6.0 U per mg for the Fisher insulin referred to a 
standard of 22 U per mg for pure insulin agreed ex- 
cellently with the recently standardized Tietze insulin and 
was therefore accepted as essentially correct and indi- 
cating an insulin content of 6.0 U per mg/22 U per mg = 
27.3 per cent insulin by weight (5). More recently we 
have assayed the Fisher insulin against a preparation of 
pure human insulin? supplied through Dr. Ellis Samols, 
London, by courtesy of Prof. F. G. Young, Cambridge. 
The assigned value of 27.3 per cent insulin by weight 
for the Fisher preparation was found to agree excel- 
lently with the Cambridge pure insulin, in confirmation 
of the results recently obtained by Dr. Samols (6) who 
found the Fisher crude powder to be “consistently equiva- 
lent to 25 to 30 per cent Cambridge insulin by weight.” 
The Fisher powder was dissolved in distilled water 
brought to pH 2.3 with HCl to a final concentration of 
200 wg per ml; 2 to 4 vol of 0.2 M borate buffer, pH 8.0, 
was added and 50 ug of the material was iodinated with 
I™ by methods described previously (5). Carrier-I°” 
was added in amounts not exceeding a ratio of 0.2 iodine 
atom per insulin monomer (mol wt 6,000) in the final 
labeled mixture. After dialysis against distilled water 
at 4° C to remove unbound iodine, human serum albu- 
min was added to a concentration of 2 per cent and the 
solutions kept frozen until used. 

All preparations and fractions obtained during the 
purification procedure were analyzed by paper chroma- 
tography? and electrophoresis. It has previously been 


2 Purified on cellulose ion-exchange columns by the 
method of Dr. J. F. Smith, Cambridge, England (6). 

3 During this procedure, the strips are also subjected 
to electrophoresis, but the principal separation of pro- 
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TABLE I 
Purification of I-labeled human insulin 


on cellulose column 


Radioactivity 


Original effluent + Ist veronal wash 
2nd veronal wash 

3rd veronal wash 

4th veronal wash 

Ist plasma eluate (2 ml plasma 

2nd plasma eluate (1 ml plasma) 
Remaining on cellulose column 


wns wt 


Owe 


demonstrated that undamaged crystalline animal I**- 
insulins in plasma adsorb to Whatman 3 MM paper at 
the site of application (7, 8), whereas damaged fractions 
(8) and antibody-bound insulin (8) migrate with the 
serum proteins. It can therefore be accepted that any 
I-labeled material which migrates with the serum pro- 
teins of nonimmune plasma is definitely not undamaged 
insulin-I™, whereas any labeled fraction that is adsorbed 
to paper under these conditions might be insulin-I™. The 
final criterion required to establish that I-labeled ma- 
terial adsorbed to paper in the presence of control plasma 
is, in fact, insulin-I*’ is the demonstration of its binding 
to antibocy in antiserums from animals (or man) im- 
Only that 
fraction of adsorbed radioactivity which is demonstrably 


munized with animal insulins of high purity. 


reactive with insulin-binding antibodies can be considered 
unequivocally to represent insulin-I*. 

The cellulose adsorption characteristics of insulin were 
exploited in the purification procedure. Powdered cel- 
lulose (Whatman) columns approximately 3.5 cm(ht) X 
0.5 cm (diam) were packed tightly and’ moistened with 
veronal buffer (ionic strength 0.1, pH 8.6). Aliquots of 
I-labeled crude human insulin were added to 100 ul 
control human plasma and passed through the column. 
The original effluent and several washes with veronal 
buffer were monitored for radioactivity; when radioac- 
tivity in the wash had been reduced to a negligible level, 
the residual adsorbed I’*-labeled material was eluted with 
several aliquots of whole control plasma, previously 
treated with iodoacetamide as described below. 

The principle of separation of insulin-I** from other 
I-labeled compounds in the mixture depends on the ca- 
pacity of the cellulose to adsorb small amounts of insu- 
lin preferentially in the presence of limited amounts of 
plasma and the ability of high concentrations of plasma 
to elute the adsorbed insulin-I™.4 Since the insulin- 
adsorbing capacity of the cellulose is limited, use of large 
amounts of insulin results in a considerable fraction be- 


teins from the site of application is a result of hydro- 
dynamic flow chromatography rather than electrophoresis 
(8). 

4 This phenomenon has a counterpart in paper strip 
chromatography or electrophoresis. If the paper strip 
is first soaked in plasma, insulin-I™ will be adsorbed only 
slightly or not at all. 
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ing lost with the original effluent. If the total amount 
passed through the column does not exceed 1 to 2 ug, 
approximately 20 to 50 per cent or more is adsorbed by 
the column, whereas contaminants and damaged fractions 
which bind to or migrate with plasma proteins on paper 
strips pass through the column with the original effluent 
and veronal washes. One ml plasma will generally elute 
about 20 to 30 per cent of the adsorbed radioactivity. 
However, plasma itself, especially at 37° C and after ex- 
tended periods of incubation even at 4° C, can damage 
insulin (8). Since the chromatographic and electro- 
phoretic characteristics of such damaged insulin re- 
semble, in many respects, insulin altered by cysteine or 
irradiation (9), both of which are known to effect re- 
ductive splitting of disulfide bonds (10, 11), it seemed 
possible that free sulfhydryl groups in plasma (sulf- 
hydryl groups of serum proteins, free cysteine, reduced 
glutathione, and so forth) might be responsible in part 
for “plasma damage” to insulin-I™. This hypothesis was 
tested by treating control plasma with 0.5 per cent iodo- 
acetate or iodoacetamide (30 minutes at 37° C) prior to 
incubation with insulin-I™. This treatment was effective 
to a large extent in protecting crystalline beef insulin-I™ 
against damage by plasma.° 
for elution of insulin-]™ 


Accordingly, plasma used 
was first treated with iodoaceta- 
mide as indicated. 


RESULTS 


A typical purification experiment is 
marized in Table I. 


sum- 
Scans of radioactivity on 
paper chromatoelectrophoretograms and _ electro- 
phoretograms of the unpurified solution, the origi- 
nal effluent and plasma eluates 1 and 2 are shown 
in Figure 1. In all preparations (13 separate 
iodination procedures) the fraction of radioac- 
tivity in the unpurified solutions that migrated 
with the serum proteins on chromatography was 
about 35 + 5 per cent of the total protein-bound 
I'_ On electrophoresis (Figure 1), the migrat- 
ing radioactivity is seen to be randomly distributed 
throughout the zone of migration of serum pro- 
teins, but there is, in addition, a small fraction 
extending out beyond serum albumin. 

The original effluents contained, as expected, 
a greater proportion of migrating activity as well 


* Prolonged incubation of plasma containing 0.05 to 
0.5 per cent iodoacetate with insulin-I™ ‘or periods longer 
than 6 to 8 hours at 37° C results in loss of ability of 
insulin-I™ to adsorb to cellulose, possibly a result of slow 
interaction of iodoacetate with amino groups as is sug- 
gested by an increase in electrophoretic mobility of all the 
serum proteins. (Incubation at 4° C for as long as 9 
days does not generally lead to this change.) However, 
the ability of the altered insulin-I™ to bind to antibody is 
not detectably impaired. 
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as virtually all the iodide’*' not removed by dialy- 
sis. Adsorbed radioactivity eluted with plasma 
contained 2 to 6 per cent migrating components. 
Evidence that the fraction remaining at the origin 
(in control plasma) is largely, if not entirely, in- 
sulin-I**' is provided by experinients with specific 
insulin antiserums. When tracer quantities of 
the purified I***-labeled human insulin were incu- 
bated with guinea pig antibeef insulin or antipork 
insulin serums or with human antibeef-pork insu- 
lin serums containing high concentrations of insu- 
lin-binding antibodies, at least 80 to 90 per cent 
of the adsorbed radioactivity was bound to anti- 
body (Figure 2). This is true also of the ad- 
sorbed radioactivity in the unpurified prepara- 
tions. It is possible that even higher fractions 
were bound to antibody in the test tubes and that 
dissociation of the insulin-antibody complexes dur- 
ing migration resulted in the observed trailing of 
10 to 20 per cent. In support of this suggestion is 
the observation that the percentage remaining at 
the origin and trailing up to the antibody region 
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Fic. 1. RADIOACTIVE SCANS OF PAPER STRIPS AFTER 
CHROMATOELECTROPHORESIS AND CONVENTIONAL ELECTRO- 
PHORESIS OF CRUDE HUMAN INSULIN-I*™ (“ORIGINAL”) 
AND FRACTIONS OBTAINED DURING PURIFICATION ON A 
CELLULOSE COLUMN. Al fractions were added to con- 
trol (nonimmune) plasma prior to application on the 
paper strips. Chromatoelectrophoresis requires about 30 
to 60 minutes, resolves the iodide peak, and lumps most 
non-insulin-I** components into a single peak mov- 
ing away from the origin with the serum proteins. 
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CHROMATOELECTROPHORE TOGRAMS ELECTROPHORE TOGRAMS 
GUINEA PIG) 
ANTI-PORK INSULIN 4, 
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Fic. 2. RADIOACTIVE SCANS OF PAPER STRIPS AFTER 
CHROMATOELECTROPHORESIS AND CONVENTIONAL ELECTRO- 
PHORESIS OF HUMAN INSULIN-I™ (PLASMA ELUATE NO. 1 
oF Figure 1) ADDED TO INSULIN ANTISERUMS. Note that 
insulin-antibody complex migrates between y- and 8-glob- 
ulins in both guinea pig and human antiserums, whereas 
only negligible amounts of radioactivity migrate with se- 
rum proteins in control (nonimmune) serums (Figure 1). 


is greater in the electrophoretograms run over 
an 18 hour period than in the short-run (30 to 60 
minutes ) chromatoelectrophoretograms, the longer 
time required in the former procedure allowing 
for greater dissociation. On the other hand, in 
similar experiments with beef insulin-I'**, 99 per 
cent or more of the radioactivity is demonstrably 
bound to antibody in both chromatoelectropho- 
retograms and electrophoretograms. 

Since generally about 65 per cent of total pro- 
tein-bound-I**! in the unpurified solution is ad- 
sorbed by paper in the presence of control serum, 
these results indicate that approximately 50 to 60 
per cent of the protein-bound-I*** in the unpurified 
preparation represents insulin-[***. Since insu- 
lin comprises only 27 per cent by weight of the 
preparation used for iodination, it can be con- 
cluded that one-half or more of the non-insulin 
contaminants is either not able to be iodinated 
under these conditions, is iodinated less readily 
than insulin itself, or is dialyzable. 

To evaluate quantitative differences between 
the reaction of human and beef insulin with anti- 
body, antiserums from eight insulin-treated dia- 
betic subjects were incubated for 15 minutes at 
37° C with mixtures of human insulin-I*** and 
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TABLE II 


Insulin-binding capacity of serum 


Maximum beet 
insulin-binding 
capacity of 
serum* 


Insulin dosage at time 


Subject serum drawn 


Insulin bound after 
Insulin 15 min at 37°C 
concentration - 


tested Human 


U/day 


90-110 


Unknown, but known 
to be resistant 


700 


U/L 

0.10 
0.41 
0.71 
0.14 
0.52 
0.56 
0.21 
0.81 
0.20 
0.72 
0.18 
0.74 
0.19 
0.71 

1.7 


mn n mn 


* Determined with diluted antiserum and higher insulin concentrations at equilibrium (after prolonged incubation). 
+ Corrected for damaged insulin-I"* and assuming that only 85° % of adsorbed human insulin-['*! was available for 


binding to antibody. 


unlabeled Fisher human insulin or beef insulin-I*** 
and unlabeled beef insulin at total insulin concen- 
trations of 0.25, 1.0, or 3.0 U per L, and then ap- 
plied to paper strips in a cold room (4° C) for 
paper chromatoelectrophoresis. Of the eight anti- 
serums studied (Table II), three (Lo, Gru, Ge) 
were from patients who were quite definitely in- 
sulin-resistant and had insulin-binding capacities 
ranging from 97 to 250 U per L; one was from a 
patient (Gal) who could probably be termed 
mildly resistant and had a binding capacity of 28 
U per L, and one was from a subject (H.L.) re- 
ported previously (3) who had an insulin-binding 
capacity of 22 U per L. The lowest of the con- 
centrations used (0.25 U per L) is in the range of 
values of endogenous insulin found in normal sub- 
jects and in patients with early maturity-onset 
diabetes, 0.5 to 2 hours after oral administration 
of 100 g glucose (5); the second concentration 
used (1 U per L) is at the upper limits of the 
range of values observed after heavier glucose 
loading. The highest concentration employed 
(3 U per L) is considerably beyond the range of 
endogenous insulin concentrations that we have 
observed in man (5), but is certainly frequently 
exceeded in insulin-resistant subjects given large 
therapeutic doses of insulin. 

In almost all cases, more beef insulin than hu- 
man insulin was bound at the same insulin con- 


centration by the same antiserum (Figure 3, 
Table II) but in some cases the differences were 
small after correction for the fraction of radioac- 
tivity presumed unavailable for binding to anti- 
body. However, in several subjects (M.N., H.L. 
and Ge) the binding of human insulin was sig- 
nificantly lower than the binding of beef insulin 
at the same concentration. In all subjects the con- 
centrations employed were generally far below 
the maximal binding capacities of the antiserums 
so that frequently most of the insulin was bound. 
At higher concentrations more marked differences 
might have become evident. 
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DISCUSSION 


Studies such as have been reported here should 
become considerably easier to perform when pure 
human insulin becomes available. However, it is 
evident that the crude preparation employed is 
adequate for the demonstration of the binding of 
human insulin to human antibeef-pork insulin 
antibodies and for general quantitative estimation 
of the extent of such binding. In previous stud- 
ies on the competitive inhibition offered by un- 
labeled human insulin to the binding of I***-labeled 
animal insulins (1), only a weak inhibitory effect 
of human insulin was observed with antiserum 
H.L. In the present study this finding is con- 
firmed by the direct demonstration of a weak reac- 
tion with human insulin-I**?, but such marked 
differences between human insulin and beef insu- 
lin are seen not to hold uniformly in all subjects. 
In other experiments, not reported here, in which 
unlabeled human insulin and unlabeled beef in- 
sulin each competed with beef insulin-I**', it was 
observed that the competitive reaction with human 
insulin is strong where the direct reaction of hu- 
man insulin-I*** is strong and that a weak com- 
petitive reaction is confirmed by a weak direct 
reaction, as in Subject H.L. 

The differences in behavior of various anti- 
serums toward human and beef insulin help ex- 
plain certain clinical phenomena. For example, 
Subject H.L., whose clinical course is described 
in greater detail elsewhere (3), maintained essen- 
tially the same moderately good control of his 
diabetes in the absence or presence of insulin 
therapy (55 U protamine zinc insulin daily). It 
can be concluded that the strong binding of beef 
insulin to his antibodies deprived him of the bene- 
fit of this treatment, whereas the much weaker 
binding of human insulin permitted the advan- 
tageous utilization of his own endogenously se- 
creted human insulin. Also, Subject M.N., who 
took insulin therapy for about 1 year but who has 
for the past 4 years maintained excellent control 
without insulin treatment, showed a stronger reac- 
tion with beef insulin than with human insulin, 
although his insulin-binding capacity was in the 
range found in nonresistant subjects. Further- 
more, experience has shown that some insulin- 
resistant patients may be well controlled on sulfo- 


nylurea drugs. Presumably the endogenous in- 
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sulin secreted in response to stimulation by the 
sulfonylureas reacts less well with antibody than 
do the administered animal insulins. Another 
case in point is the report of Lowell (12) that 30 
U of human insulin was capable of reducing the 
blood sugar in a patient resistant to a similar dose 
of beef-pork insulin. 

The reaction of human insulin with human anti- 
serums to beef-pork insulin does not, of course, 
imply that human insulin is antigenic in man. In 
fact, we have never observed any evidence of 
binding of insulin in serums of patients who never 
received animal insulin. The reaction simply in- 
dicates that once the antigenicity of animal insu- 
lins has resulted in the production of antibodies, 
these antibodies are then able to react also with 
the closely similar human insulin. Since insulin- 
antibody complexes are of small molecular size, 
remain soluble (3), and do not appear to be sen- 
sitizing, allergic manifestations of such complex 
formation are not exhibited. Such might not be 
the case were the antigenic characteristics of in- 
sulin somewhat different. It appears not beyond 
the realm of possibility that certain autoimmune 
states may originate by immunization with foreign 
antigens (through ingestion or by entry through 
other portals) which chemically resemble certain 
endogenous proteins. 


SUMMARY AND CONCLUSIONS 


1. The preparation of I***-labeled human insu- 
lin from a lot of human insulin containing approxi- 
mately 25 per cent insulin by weight and its puri- 
fication from labeled contaminants are described. 

2. The reaction of human insulin-I*** with in- 
sulin-binding antibodies in the serums of human 
subjects treated with commercial mixtures of ani- 
mal insulins is demonstrated directly. 

3. Comparison of the binding of human insulin 
and beef insulin in antiserums from eight insulin- 
resistant and nonresistant diabetic subjects re- 
vealed a lesser affinity of antibody for human than 
for beef insulin in most cases, but considerable 
variability in this respect was encountered among 
different antiserums. 

6 Allergy to insulin is an expression of reaction with 
sensitizing antibody (13), an antibody quite distinct from 
“blocking” antibody (13) and the insulin-binding anti- 
body reported here (14). 
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4. It is suggested that the ability of certain dia- 


betic patients (who show evidence of insulin re- 
sistance to exogenous insulin) to tolerate with- 
drawal of insulin therapy, with or without the aid 
of sulfonylurea agents, is related to the relatively 
weak binding to antibody of endogenously se- 
creted human insulin. 


. Berson, S. A., and Yalow, R. S. 


REFERENCES 


. Berson, S. A., and Yalow, R. S.  Species-specificity 


of human anti-beef, pork insulin serum. J. clin. 
Invest. 1959, 38, 2017. 


. Burrows, B. A., Peters, T., and Lowell, F. C. 


Physical binding of insulin by gamma globulins of 
insulin-resistant subjects. J. clin. Invest. 1957, 
36, 393. 

Quantitative as- 
pects of the reaction between insulin and insulin- 
binding antibody. J. clin. Invest. 1959, 38, 1996. 


. Fisher, A. M. Personal communication. 
. Yalow, R. S., and Berson, S. A. 


Immunoassay of 
endogenous plasma insulin in man. J. clin. Invest. 
1960, 39, 1157. 


. Samols, E. Personal communication. 
. Kallee, E. Uber™ J-signiertes Insulin. I. Mitteilung 


(Nachweis). Z. Naturforsch. 1952, 7b, 661. 


8. 


10. 


SOLOMON A. BERSON AND ROSALYN S. YALOW 


Berson, S. A., Yalow, R. S., Baumann, A., Roth- 
schild, M. A., and Newerly, K.  Insulin-I* me- 
tabolism in human subjects: Demonstration of 
insulin-binding globulin in the circulation of in- 
sulin-treated subjects. J. clin. Invest. 1956, 35, 
170. 


. Berson, S. A., and Yalow, R. S. Radiochemical and 


radiobiological alterations of I**-labeled proteins 
in solution. Ann. N. Y. Acad. Sci. 1957, 70, 56. 

Yalow, R. S., and Berson, S. A. Chemical and 
biological alterations induced by irradiation of I*”- 
labeled human serum albumin. J. clin. Invest. 1957, 
36, 44. 


. Yalow, R. S. Production of sulfhydryl groups as 


a result of the indirect or direct effect of ionizing 
radiation 1 Proceedings of First National Bio- 
physics Conf., H. Quastler and H. J. Morowitz, 
Eds. New Haven, Yale Univ. Press, 1959, p. 169. 


. Lowell, F. C. Evidence for the existence of two anti- 


bodies for crystalline insulin. Proc. Soc. exp. 
Biol. (N. Y.) 1942, 50, 167. 


. Loveless, M. H., and Cann, J. R. Distribution of 


“blocking” antibody in human serum proteins frac- 
tionated by electrophoresis-convection. J. Im- 
munol. 1955, 74, 329. 


. Berson, S. A., and Yalow, R. S. Immunologic reac- 


tions to insulin in Diabetes, R. H. Williams, Ed. 
New York, Paul B. Hoeber, 1960, pp. 272-282. 


| 
| 
| 
ihe 
3 
2 
| 
| 
3 
| 
| 
| 
| 
| 
| 
| 
4 
| 
| 
| 
| 
| 
| 
| 
| 
Hint 
| 
| 


SKELETAL DYNAMICS IN MAN MEASURED BY NONRADIOACTIVE 
STRONTIUM * 
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(From the Department of Medicine, University of California School of Medicine, 
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A great deal of useful information about cal- 
cium metabolism in man has been obtained by 
balance technics. Balance studies give only net 
changes in total body calcium and do not indicate 
whether changes in balance result from alterations 
of rates of movement into or out of bone. For 
example, positive balance could result from in- 
creased bone deposition or decreased bone resorp- 
tion. Similarly, balance could be unchanged if 
increased resorption were matched by increased 
deposition. 
measured in man using Ca** and Ca** as tracers 
(1-11). Isotopes of strontium have been similarly 
used (5, 6, 8, 11-16), since strontium is a bone- 
seeking element whose distribution in the body is 
similar to that of calcium. 
ence suggests that cautious use of these bone- 
seeking radionuclides in human subjects is 
without demonstrable risk. Nevertheless, this 
experience is still limited both in numbers of sub- 
jects and length of observation. Ina study of Sr®° 
toxicity in mice, a direct linear relationship was 
noted between total internal radiation dose from 
Sr®? and decrease in survival time and tumor pro- 
duction (17). Even small doses of radiation may 
not be without danger, for this analysis showed no 
lower threshold. 

A recently developed flame photometric method 
(18) for measurement of calcium was adapted to 
measure strontium. If stable strontium could be 
used as a tracer it would be valuable for safely 
studying various types of patients in statistically 
valid numbers and for repeated tests in the same 


* This work was supported in part by grants allocated 
by the Committee on Research, University of California 
School of Medicine, San Francisco; and from the 
American Medical Association; Ayerst Laboratories ; 
G. D. Searle & Co.; Merck Sharp & Dohme; E. R. Squibb 
& Sons; and the Upjohn Co. Part of the work was done 
when Dr. Eisenberg was a Public Health Service Re- 
search Fellow of the National Institute of Arthritis and 
Metabolic Diseases. 


Rates of bone deposition have been 


Accumulated experi- 


individual under varied conditions. This possi- 
bility is the subject of the present investigation. 
The results indicate that nonradioactive strontium 
can be used to detect alterations of skeletal me- 
tabolism in various defined physiological and 
pathological states. 


METHODS 


The following subjects were studied: 25 healthy per- 
sons at ordinary activity (including 11 inmates of San 
Quentin Prison; 31 studies); 14 athletes (all members 
of the San Quentin Prison football team); 11 patients 
with idiopathic nephrolithiasis; 28 with primary hyper- 
parathyroidism (4 with skeletal disease shown by ele- 
vated serum alkaline phosphatase levels or roentgeno- 
graphic evidence of skeletal involvement or both; 17 
with normal phosphatase and X-ray appearance but with 
microscopic foci of resorption seen in bone biopsy; and 
7 with normal phosphatase, X-ray appearance and bone 
biopsy) ; 7 with hyperthyroidism; 8 with acromegaly; 3 
with hyperadrenocorticism ; 26 with advanced, unequivo- 
cal postmenopausal or senile osteoporosis (40 studies) ; 
5 with Paget's disease of bone; and 1 with chronic vi- 
tamin The reproducibility of the method 
was tested by 21 duplicate tests in osteoporotic and 
normal subjects. All subjects were on diets free of milk 
and cheese except the prisoners, whose fare was un- 
restricted. All subjects were ambulatory. 

Significant dietary strontium was excluded by check- 
ing initial blood and urine specimens. Then 10.0 mEq of 
strontium gluconate! was infused intravenously over a 
period of 10 minutes. Blood samples were taken every 
24 hours and 24-hour urine specimens were collected for 
4 to 6 days. 

All specimens were collected in acid-washed glassware. 
All determinations were done in duplicate. Serum and 
urine calcium levels were determined on a flame spectro- 
photometer by the method of MacIntyre (18). Serum 
strontium was measured by diluting 1.0 ml of serum with 
3 ml of an aqueous solution of 3 per cent perchloric acid 
and 0.5 mM monopotassium phosphate. The supernatant 
was read at 461 my in the flame spectrophotometer be- 
tween standards in a 0.25 dilution of serum containing 
concentrations of sodium, potassium, and calcium which 


D overdose. 


1 Strontium gluconate was generously supplied by Dr. 
A. Cerletti and Mr. H. Althouse of Sandoz, Inc. 


1809 


as 
. 
ap 
gle 
a 
4 
4 
1 
4 
4 
if 
oe 


1810 


+ 


\ OSTEOCLASTS 


Fic. 1. 


are in the plateau area of their effect in enhancing stron- 
tium emission (19). Complete recovery of urinary stron- 
tium required co-precipitation with calcium as follows. 
Three ml of saturated ammonium oxalate was added to 15 
to 30 ml of urine, pH was adjusted to between 5.5 and 
6.0; then 0.25 ml of 10 per cent calcium gluconate was 
added and the urine heated in a boiling water bath for 
a few minutes until the precipitate became flocculent. 
The urine was cooled at 4° C for 2 or more hours, then 
centrifuged at 2,500 rpm for 10 minutes. After the su- 
pernatant was decanted, the precipitate was dissolved in 
5.0 ml of 2 N hydrochloric acid and made up to a total 
volume of 15.0 ml with distilled water. This solution 
was analyzed in the flame spectrophotometer, always by 


TABLE I 
Strontium/calcitum observed ratios between serum and body 


tissues and fluids after intravenous infusion of strontium 
gluconate 


Sr /Sr 
— source /——serum 
Source Ca Ca 


Time after infusion 


a 
2 | 
= 


9 5 Ascitic fluid 0.99 
9 5 Ascitic fluid 0.89 
9 5 Ascitic fluid 0.97 
20 30 Ascitic ffuid 0.94 
21 0 Ascitic fluid 0.90 
22 45 Ascitic fluid 0.82 
22 45 Ascitic fluid 0.94 
22 45 Ascitic fluid 0.84 
32 15 Ascitic fluid 0.73 
32 15 Ascitic fluid 0.81 
32 15 Ascitic fluid 1.02 
40 0 Spinal fluid 1.04 
4 20 Gall bladder 0.47 
4 20 Breast fat 0.48 
4 35 Rectus abdominis 0.44 
5 0 Strap muscle 0.49 
14 35 Strap muscle 0.60 
20 0 Strap muscle 0.45 
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DEEPLY PLACED 
SKELETAL CALCIUM 


MODEL FOR ANALYSIS OF SKELETAL DYNAMICS. 


reading between adjacent standards. When this precipi- 
tation technic was checked with radioactive strontium 
tracer, recovery varied from 97 to 101 per cent. 

Analysis of data. The model for analysis of calcium 
movement is similar to that proposed by others (4, 7, 
14,15). This model (Figure 1) is based on studies which 
suggest that body calcium is divided into two pools (1, 
3, 20-22). One is a very small pool of rapidly exchange- 
able calcium in the extracellular fluid, soft tissues, and 
surface crystal of bone. The other is a very large pool of 
less readily available calcium in the deeper layers of bone. 
Calcium is added to the exchangeable pool by intestinal 
absorption and bone resorption. It leaves the exchange- 
able pool by excretion and bone deposition. Thus, if one 
can introduce a tracer into the exchangeable pool and 
then measure the rate of loss of tracer from the pool and 
the rate of excretion, one can calculate the rate of bone 
deposition as the difference between the two. Such 
analysis can be done by using the usual formulas for 
measuring pool size and pool turnover rates. The calcu- 
lations shown require the assumptions that there be no 
change in pool size, that mixing in the exchangeable 
pool is complete (or almost so) at the time that ob- 
servations used for the calculations are made, that there 
is no continuing concentration (sequestration) of tracer 
in tissues other than bone during the period of observa- 
tion, and that there is no return of tracer to the pool from 
bone. 

Important alterations in the size of the exchangeable 
pool are not likely in 4 to 6 days and could not occur 
imperceptibly because such an alteration requires exces- 
sive diuresis or loss of soft tissue or skeleton. (No such 
fluctuation in body weight, urine volume, or urinary 
calcium excretion occurred during these studies.) That 
mixing of strontium through the various compartments 
of the exchangeable pool actually occurs within 24 hours 
after injection was tested in a few patients by comparing 
Sr to Ca ratios of available fiuids and tissues with Sr to 
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Ca ratio of serum at varying time intervals after in- 
jection (Table I). These figures confirm that intrave- 
nously injected strontium is largely equilibrated through 
body fluids and soft tissues by 24 hours, as is calcium (20, 
23-25). The slightly longer mixing time indicated by 
the serum curves suggests that skeletal equilibration is a 
little slower. This is borne out by external counting 
over soft tissue and bone (8). After distribution of 
intravenously injected calcium and strontium, most of the 
retained dose moves into the skeleton, and there is no 
continued accumulation in other tissues (8, 23, 26, 27). 
Continued concentration of tracer in tissue other than 
bone would add an additional route of tracer loss from 
the pool. The studies of Heaney and Whedon (7) indi- 
cate that in most subjects tracer does not re-enter the 
pool until 6 to 8 days after its injection, and it may be 
assumed that bone growth and bone resorption do not 
occur simultaneously in the same sites. Hence the major 
assumptions for the analysis seem reasonable. Ac- 
cordingly, serum strontium concentrations were plotted 
as in Figure 2 and the following calculations were made: 


k = 0.693/t, [1] 
where & = fractional rate constant and t; = “half- 
time’’ derived by plotting serum specific activities. 

E = D/so Pa 
where E = exchangeable pool (volume of strontium dis- 


tribution), D = corrected dose of tracer and sy = serum 
specific activity at time zero, 


T =kE [3] 


where T = total turnover rate. 


U = = — Sy) [4] 
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where U = urinary excretion rate, U%,-:, = urinary 
content of tracer between time 1 and time 2 (usually 
the interval from 24 to 120 hours) and s,,, s:, = serum 


strontium concentration at time 1 and time 2. 
B=T-—U [5] 


where B = rate of bone deposition. 

During the 24 hours required for mixing, the strontium 
concentration in some parts of the pool will be greater 
than in others. Since the high concentration areas in- 
clude blood, renal excretion will be temporarily enhanced. 
The excess excretion due to this inequality in distribu- 
tion during mixing can be corrected by subtracting theo- 
retical from actual urinary strontium measured during 
this interval. The theoretical urinary excretion during 
the mixing period was calculated from Equation 4 by 
letting ¢, and t, be the times at the beginning and end of 
mixing. The amount of excess excreted was usually 5 to 
15 per cent of the dose. The injected dose was corrected 
for this amount in calculation of pool size. Examination 
of serum strontium curves indicated 24 hours as an 
average mixing time, with individual variations between 
20 and 30 hours. The error introduced by using the ini- 
tial 24 hours as a standard mixing time is small, since 
the steep portion of the mixing curve was always included 
in the correction. 

To make the method widely applicable clinically, two 
routes of tracer excretion were not usually measured— 


sweat and feces. While some authors (28, 29) have 


suggested that sweat is normally an important route of 
calcium loss, our measurements of sweat calcium and 
strontium concentrations during physical exercise (Table 
II) showed that even at maximal rates, sweat accounted 
for only a small portion of calcium or strontium loss. 
The sweat glands, like the intestine and kidney, discrimi- 
nate against strontium. Fecal losses were not measured 
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Fic. 2. REPRESENTATIVE PLOTS OF SERUM STRONTIUM CONCENTRATIONS AND CALCULATIONS 
OF SKELETAL DYNAMICS IN A NORMAL AND A HYPERPARATHYROID SUBJECT. 
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TABLE II 


Sweat calcium and strontium content 


Serum Sweat 


Sr Sr Ca Sr/Ca 
mEq/L 
5.40 0.243 


0.235 
0.216 


0.055 
0.092 
0.050 


0.045 
0.038 
0.049 


0.044 
0.039 


0.216 0.038 
0 206 
0.197 0.032 
0.057 
0.086 
0.071 


0.110 
0.085 
0.105 


0.215 
0.197 
6.10 O178 


0.040 
0.029 


* Periods 1, 2, and 3 are three consecutive 30-minute periods com- 

encing 16 hours after infusion of strontium and during which sub- 
jects exercised. Sweat was collected on covered patches of ash-free 
filter paper from previously washed areas of skin. Filter paper was 
eluted with 2 N HCL Calcium and strontium were determined flame 
hotometrically as for urine. 


in our routine studies. Harrison, Raymond and Trethe- 
way (12) reported 5-day cumulative fecal excretion of 3 
per cent of an intravenous dose of strontium. Spencer 
and her co-workers (13) reported approximately 9 per 
cent in 6 days (1 patient) and from 8 to 17 per cent in 12 
days (7 patients) (30), and concluded that the major 
route of excretion is through the kidney. Dow and 
Stanbury (11) found from 2.5 to 19 per cent fecal excre- 
tion of Sr in 6 days in various disease states. Fraser, 
Harrison and Ibbertson (15) found that fecal excretion of 
intravenously injected stable strontium is 8 to 16 per cent 
ot the administered dose in 6 days in the absence of diar- 
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that bone deposition is overestimated hy 9 to 16 per cent 
in all groups by ignoring fecal excretion. This discrep- 
ancy does not appear to affect comparison between our 
groups but will affect, by this amount, comparison with 
data in which fecal excretion has been measured. 


RESULTS 

The size of the exchangeable strontium pool in 
25 healthy subjects at ordinary activity was 42.7 
L, of which 30.9 per cent was turning over daily 
(Table III).* Urinary excretion from the pool 
as measured by strontium was 3.9 L per 24 hours, 
and the rate of deposition in bone was 9.6 L per 
24 hours. In 11 patients with a history of urinary 
tract stones but without hypercalcemia, the pool 
size was comparable to that of the control subjects, 
but more mineral went to urine and less to bone. 
In the 14 athletes the pool was larger, and 35.7 
per cent was turning over daily. The rates of 
urinary excretion and deposition in bone were 50 
per cent greater than in healthy people at normal 
activity. 

Hyperparathyroidism with X-ray or phospha- 
tase evidence of osteitis also enlarged the pool, and 
both urinary excretion and bone deposition were 
increased. When only microscopic evidence of os- 
teitis could be found the pool was only very 


rhea or steatorrhea. Calculation of the portion of pool 
lost daily through fecal excretion by our subjects based 
on the published range of values for fecal excretion shows 


2 The individual data from which Table III has been 
compiled appear in Tables I through IX in the Appendix. 


TABLE III 


Strontium dynamics in various conditions * 


No. of 
subjects 


No. of 


Condition studies 


L/24 hrs L/24 hrs 
13.5+ 0.6 9.6+0.4 
20.7+ 1.0 15.0+1.0 
13.3+ 0.9 7.64+0.6 


0.309 4.0.010 
0.357 +0.014 
0.340 40.017 


Healthy: 
Athletes 
Nephrolithiasis 

Hyperparathyroidism : 


ordinary activity 


26.2 18.9 
(18.4 —33.6) (12.8 —24.8) 
18.5+ 0.8 11.5+0.6 


0.407 
(0,269 —0,517) 
0.396 +0.025 


with X-ray osteitis or 

increased alk. phosphatase ; 
normal X-ray appearance and 6.9+0.5 
alk. phosphatase, microscopic 


osteitis on iliac crest biopsy: 

no evidence of osteitis by 0.309 +0.023 11.8+ 1.1 7.5+0.9 
X-ray exam., phosphatase, or 
bone biopsy 

Hyperthyroidism 

Acromegaly 


Osteoporosis, postmenopausal 


16.7+2.0 
18.2+2.3 
6.4+0.3 
2.4-6.6 


48.9+ 3.6 23.82 3.5 
73.824: 6.2 
33.04 0.9 
19.8 --28.2 
95.4 58.7 
(41.5-175.5) (16.4-182.5) 
376.0 124 


0.475 +0.051 
0.332 +0.022 
0.263 +0.007 
Adrenocortical hyperplasia 0.413 —0.537 


Paget's disease 5t 0.508 
(0.336-1.040) 


0.330 


54.0 
(14.1-175.7) 
Chronic vitamin D overdose 123.5 


* k =Serum disappearance rate constant, E =exchangeable pool, T =total turnover, U =urinary excretion, B =bone deposition. Values are 
given as mean + standard error. 

+ Mean and range. 

t Individual values of 2 subjects are given. 
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— 
Name Period* 
tres 
3 5.65 | | 
2 
3 6.10 
4 

2 
3 
| 

3 

| k E 1 B 
- 
i 
31 25 
14 14 56.94 2.3 
11 11 39.32 2.3 Ae 
i 
2.3+0.2 
i 
4 
1B 


Serum 

Patients Status Ca 
mEq/L 
NOR Pre-op. 7.00 
+ days post-op. 4.85 
POL Pre-op. 4.85 
3 mos after Ist test 7.05 
1 week post-op. 5.26 
TUR Pre-op. 6.15 
9 mos post-op. a0 
LAM Pre-op. 6.10 
14 mos post-op. 5.50 
SWE Pre-op. 7.30 
2 mos post-op. 4.75 
8 mos post-op. 5.20 


* For abbreviations, see Table III. 


slightly enlarged, and there was a similar small 
increase in bone deposition rate (p < 0.01). When 
even the histological appearance of the bone biopsy 
specimen was normal, the exchangeable pool size 
and urinary excretion were normal and the bone 
deposition rate tended to be low. In five patients 
without clinical evidence of osteitis fibrosa, cure 
of hyperparathyroidism did not change bone depo- 
sition rates, but urinary excretion rates fell in four 
and exchangeable pool size decreased in two 
(Table IV). 

Calcium dynamics in the four conditions associ- 
ated with osteopenia differed widely. In senile 
osteoporosis the mean values for exchangeable 
pool size and bone deposition rate were signifi- 
cantly less (— 23 and — 33 per cent, respectively ) 
than in the normal group, although there was some 
overlap (Figure 3). After correction for body 
weight or surface area, exchangeable pool and 
bone deposition rates were still significantly lower 
in osteoporotics than in normal subjects (Table 
\). The two patients with osteoporosis due to 
long-standing Cushing’s disease (bilateral adrenal 
cortical hyperplasia) had the smallest miscible 
pools in the series. A large portion of the pool 
was excreted daily by the kidney and only a small 
portion was deposited in bone. A third patient 
with Cushing’s syndrome (adrenal cortical ade- 
noma) of 15 months’ duration had moderate 
skeletal demineralization but no fractures. Her 
miscible pool was normal but the rate of urinary 
excretion was greatly increased and the bone depo- 
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TABLE 


Strontium dynamics, before and after cure of hyperparathyroidism * 


IV 


k T U B 
L/24 hrs L/24 hrs L/24 hr 
0.359 49.9 a7.9 6.3 11.6 
0.328 51.0 16.7 5.9 10.8 
0.502 58.2 29.2 10.0 19.2 
0.405 57.4 23.2 7.0 16.2 
0.563 43.2 24.3 2.8 Zio 
0.389 43.4 16.9 5.8 1.4 
0.269 46.0 12.4 2:9 9.5 
0.359 S17 11.4 5:5 5.9 
0.225 44.4 10.0 2.6 7.4 
0.245 35.8 8.8 Yj 6.1 
0.213 35.7 7.6 0.7 6.9 
0,259 29.3 7.6 1.4 6.2 


sition rate was a little above normal (Appendix 
Table VIII). After removal of the adrenal corti- 
cal adenoma, the urinary excretion rate was nor- 
mal and bone deposition increased slightly. 

In contrast to the osteoporosis of Cushing's dis- 
ease and old age, hyperthyroidism and acromegaly 
both enlarged the exchangeable pool. In patients 
with hyperthyroidism the fraction of the pool turn- 
ing over was also greater, but in the nine acro- 
megalics it was the same as in the controls. Hy- 
perthyroidism without hypercalcemia increased 
bone deposition without increasing urinary excre- 
tion. With hypercalcemia and normal renal func- 
tion, bone deposition was increased and urinary 
excretion greatly augmented. In acromegalics the 
mineral went rapidly to bone and the urinary ex- 
cretion rate was only slightly accelerated. No 
difference was found between the data of four 
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TABLE V 


Effect of body size and weight on strontium dynamics 


Condition 
Body wt* 
Normals, average activity 
Normal athletes 
Osteoporotics 


0.602 + 0023 
0.758 + 0.029 
0.542 + 0.016 


Body sizeT 

Normals, average activity 

Normal athletes 9.8 : 
0.1 


Osteoporotics 


0.140 + 0.007 
0.206 + 0.014 
0.108 + 0.006 


0.055 + 0.004 
0.077 + 0.004 
0.041 + 0.003 


* Measurements of 7, U and B are given as L/kg body weight/24 hrs; E is in L/kg. 


+ Measurements of JT, U and B are given as L/m*? BSA/24 hrs; E is in L/m?. 


acromegalics with roentgenographic evidence of 
osteoporosis and five without. In patients with 
Paget's disease of bone, the exchangeable pool and 
bone deposition rate were increased. The mas- 
sive calcium deposits in one patient with chronic 
vitamin D overdosage increased the exchangeable 
pool almost tenfold; serum strontium values de- 
clined too rapidly to permit accurate measurement 
of bone deposition rate. 

The reproducibility of the method is shown in 
Figure 4+ where the results of a first test are plotted 


against a second test 21 times. For most sub- 


Jj 
40 60 
EXCHANGEABLE POOL (L.) 


° 20 
TOTAL TURNOVER (L./DAY) 


10- 


20 r 
= 


° Ss 10 10 2 
URINARY EXCRETION RATE(L/0AY) BONE DEPOSITION (L./DAY) 


Fic. 4. REPRODUCIBILITY OF SKELETAL DYNAMICS 
MEASURED BY STABLE STRONTIUM. Duplicate (and oc- 
casionally triplicate) tests were performed 16 times in os- 
teoporotic patients (dots) and in 5 normal subjects 
(circled dots). First results are plotted on abscissa and 
second (and third) tests on ordinate. 


jects the values cluster fairly close to the theoreti- 
cal slope of unity with a mean variation of 8 per 
cent. 


DISCUSSION 


The data indicate that strontium can be used as 
a tracer to detect alterations in skeletal metabolism. 
In order to relate changes in bone deposition of 
strontium to those of calcium, any major differ- 
ence in their metabolism must be accounted for. 
Major differences do occur in absorption and ex- 
cretion and there are minor differences in distri- 
bution. The intestine discriminates greatly against 
orally administered strontium (30) but fecal losses 
of intravenously injected and are not 
widely divergent (11, 30). Renal clearance of 
strontium is three to five times that of calcium 
(12) and renal discrimination appears responsible 
for the difference in total retention of the two ele- 
ments when they are given intravenously. Skele- 
tal accumulation of radioactive Ca and Sr was 
equal in rabbits whose kidneys had been poisoned 
with mercuric chloride (31) and in nephrecto- 
mized rats (32). The distribution of strontium is 
quite similar to that of calcium. Double tracer ex- 
periments in man with Ca** and Sr*® gave similar 
“pool” sizes and disappearance rate constants for 
the two elements (11). Most of an injected dose 
of either element is deposited in bone (23, 26, 27, 
33), and radioactive isotopes of the two elements 
produce the same radioautographic patterns in 
bone (27, 34). Their passage from blood into 
extracellular fluid and spinal fluid are the same 
(24, 25), but intracellular penetration of stron- 
tium appears limited (Table I). Differences in 
protein binding of strontium and calcium have 


0.196 + 0.010 
0.278 + 0.014 
0.149 + 0.007 
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been reported for man (35) but not for the rat 
(36). 

Many studies suggest that bone discriminates 
but little between calcium and strontium in vivo. 
From a study in which Sr** and Ca*® were given 
orally, it was inferred that in man the ratio of Sr*? 
to Ca*® was the same in bone and blood (37). 
Changes in Sr metabolism paralleled those for Ca 
in various diseases affecting skeletal metabolism 
(5, 11). When differences in urinary excretion 
were taken into account, Sr®° and Ca*® had no 
marked difference in bone deposition rates after 
their simultaneous administration to rats (38). 
Their skeletal accumulation is the same in anuric 
animals (31, 32) and in short-term experiments 
in intact animals (36). The two are also taken 
up to almost the same extent in vitro by surviving 
embryonic chick bone (39), bone powder (31) 
and synthetic apatite crystals (36). Equimolar 
exchange of strontium for the calcium of bone 
crystal has been shown (40). However, bone 
does not appear to handle the two elements identi- 
cally in all respects. Preferential release of stron- 
tium from bone has been noted both in vivo (32, 
36) and in vitro (36, 39, 41, 42). In the present 
method gastrointestinal discrimination was mini- 
mized by administering the strontium intrave- 
nously, and differences in renal excretion were 
accounted for by direct measurement of the uri- 
nary strontium excretion rate. Since the major 
differences in their metabolism are accounted for, 
the calculated bone deposition rates for strontium 
probably closely reflect those of calcium.  Al- 
though the present method overestimates the depo- 
sition rates by approximately 12 per cent because 
fecal excretion is not subtracted, changes in 
skeletal metabolism in the conditions studied are 
similar to those found when radiocalcium was 
used as a tracer. 

The 10 mEq dose of sirontium used in these 
studies is larger than usual tracer doses but was 
the minimal quantity that produced serum levels 
that could be accurately measured by flame spec- 
trophotometry for 4 to 6 days after injection. 
Fraser and his associates (15) studied the prob- 
lem of whether such large doses act as a true 
tracer by repeating tests at several dosage levels 
in the same subjects. They found no effect of 
varying the amount of strontium. Harrison and 
co-workers (12) have shown that renal clearance 
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of strontium is the same over a wide range of 
serum concentrations. The percentage of dose ex- 
creted in the feces appears to be in the same range 
when large doses of stable strontium and small 
doses of Sr®® (11, 12, 15, 30) are given. 

The use of tracers to measure bone accretion 
rates or osteogenesis has been challenged because 
bone-seeking radioisotopes are concentrated in 
“hot spots,” where new bone is being formed, and 
are deposited diffusely in dense, previously well 
mineralized bone (43-45). Hence, part of the 
tracer transferred from the pool to bone may be 
accounted for by new bone formation, and part 
by another process which has not been fully char- 
acterized. This process may represent a slow ex- 
change, intracrystalline rearrangement, or diffuse 
accretion, and is included in the measurement of 
what is variously termed bone formation rate, ac- 
cretion rate, and rate of osteogenesis. The ex- 
tent to which this process affects the exponential 
disappearance of tracer from the rapidly exchange- 
able calcium pool is a matter of conjecture. While 
the diffuse label may not represent new bone 
growth, it does involve deposition of mineral ions 
which are important in maintaining the supporting 
function of the skeleton. For this reason, we have 
called the entire movement of tracer from the ex- 
changeable pool to deeper layers of bone, the bone 
deposition rate. 

Some authors have proposed correcting bone 
deposition rates for body weight. Since part of 
the exchangeable calcium is in extracellular fluid, 
it is possible that pool size is partly related to body 
size. To determine whether the smaller exchange- 
able pool of senile osteoporotics could result from 
their smaller size, we calculated the effect of cor- 
rection for weight and surface area in these pa- 
tients (Table V). The decreased pool size of 
osteoporosis is partly explained by the smaller 
size of the patients, but the difference in the rate 
of bone deposition between the controls and the 
osteoporotics was only slightly reduced by cor- 
recting the figures. Since weight and surface area 
of the athletes were the same as those of the con- 
trol subjects at average activity, body size could 
not be responsible for the increased values seen 
in the athletes. Perhaps correction for lean body 
mass would be more appropriate. Fraser and his 
associates (15) expressed the volume of tracer 
distribution and rate of osteogenesis in “‘total body 
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plasma units.” They calculated plasma volume 
as a constant fraction of body weight, so this unit 
is merely the volume of distribution corrected for 
body weight. Since plasma contains only part of 
the exchangeable pool and plasma volume is not 
known to affect calcium turnover, we have pre- 
ferred to express the results in apparent liters of 
tracer distribution based on sampling the ex- 
changeable pool via the serum. 

It is difficult to correlate our results quantita- 
tively with most reported studies of skeletal dy- 
namics because of variation in experimental de- 
sign, methods of calculation, and selection of 
patients. The study most comparable in experi- 
mental design is that of Fraser and co-workers 
(15) who used a similar model of calcium move- 
ment and nonradioactive strontium as a tracer. 
However, they employed a weight correction and 
expressed the results in “total plasma units.” 
Their results may be recalculated to our terminol- 
ogy if the weight of each subject is known. Indi- 
vidual weights are given only for their normal 
subjects, who had exchangeable pools about 10 
per cent lower and bone deposition rates approxi- 
mately 30 per cent lower than ours. These dis- 
crepancies might be accounted for by the differ- 
ent method used to correct for loss of tracer 
during the mixing period and to integrate urine 
excretion rate. In making this correction for initial 
loss of tracer, Fraser and associates assumed that 
total body retention of strontium was linear on a 
semilogarithmic plot, but Norris, Tyler and Brues 
(46) have shown that total body retention of bone- 
seeking elements is a linear function only when 
plotted on log-log coordinates. Nordin (9), us- 
ing a modification of Fraser’s method, reported 
data on seven normal subjects. He included data 
from the first 24 hours in plotting the rate of fall 
of urine specific activity over a 7-day period. 
Plots of serum concentration of bone-seeking 
tracers do not indicate first order rate processes 
until after 24 hours. Inclusion of these values 
from the first 24 hours, failure to correct for uri- 
nary loss of tracer during mixing, and the method 
of calculating fecal loss in this period operate in 
different directions to various degrees and make 
his results difficult to interpret. Bauer, Carlsson 
and Lindquist (6), using a method of calculation 
analagous to ‘ours, calculated exchangeable pool 
space and bone accretion rates in normal subjects 
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from data provided by their own and other pub- 
In only one group are the figures 
Four normal sub- 


lished studies. 
expressed in liters of serum. 
jects in this group had exchangeable pools and 
bone accretion rates higher than our normal sub- 
jects but these four were in various stages of 
convalescence from fracture or nerve injury. The 
results from the other groups were calculated 
from specific activities and are expressed in grams 
of calcium. Since the serum calcium of each sub- 
ject is not given, one can convert their figures to 
liters of serum only by assuming an average nor- 
mal serum calcium of 5.0 mEq per L of serum. 
Since the high and low extremes of normal serum 
calcium in most laboratories are about 18 per cent 
apart, such an assumption would not lead to valid 
comparison. Conversely, if one assumes the ra- 
tio of Sr/Ca to be the same in all parts of the 
exchangeable pool and the rate of movement into 
bone to be the same for the two elements, one can 
convert the results of the present study to milli- 
equivalents of calcium by multiplying the result 
for each subject by his serum calcium value. Such 
conversion gives our group of normal adult sub- 
jects slightly smaller exchangeable space and 
faster bone deposition rates than those recalculated 
by Bauer and associates (6) from the Ca* data 
of Bronner, Harris, Maletskos and Benda (2) 
(1 patient), Krane, Brownell, Stanbury and Cor- 
rigan (3) (4 subjects) and the figures reported 
by Heaney and Whedon (7) for 1 normal adult. 
Some of these variances might result from the 
lower intracellular penetration of strontium (viz. 
Table I) and our overestimation of bone deposi- 
tion by not measuring fecal excretion, 

Because of the moderate variation in values for 
normal subjects reported by different authors 
it is apparent that any comparison of changes 
in abnormal states must be in reference to normal 
figures obtained by each group. Because of the 
expected biological variation within any group. 
the small number of normal subjects reported by 
most authors makes such comparison liable to 
reservation except in those abnormal states as- 
sociated with dramatic alteration in skeletal me- 


tabolism, such as Paget’s disease. In this condi- 


tion only greatly increased exchangeable pool size 


and bone deposition rates have been reported (7, 
8, 11). This is true by our method also, and is 
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in keeping with previous concepts of bone metabo- 
lism in this disease. 

Hyperthyroidism is associated with negative 
balance of calcium and phosphorus, which in ex- 
treme cases may lead to roentgenographically evi- 
dent osteoporosis and pathological fractures. It 
has recently been proposed that the osteoporosis of 
acromegaly and hyperthyroidism may be related 
to the unavailability of protein for the production 
of bone matrix and a resulting decrease in bone 
formation (47). Our data are not compatible 
with this proposal and confirm the enlarged pool 
of exchangeable calcium and rapid turnover rate 
found in hyperthyroidism by Krane and his as- 
sociates (3), Heaney and Whedon (7), Dow and 
Stanbury (11), and Fraser and colleagues (15). 
Since bone is forming rapidly in these conditions, 
the development of osteoporosis must be due to 
even more rapid rates of osteolysis. 

Osteoporosis is a common feature of hyper- 
adrenocorticism. Elevation of the urinary excre- 
tion rate despite the reduced size of the pool in 
two patients with Cushing’s disease suggests that 
bone dissolution is responsible for the deminerali- 
zation. The patient with adrenocortical adenoma 
and symptoms of short duration had a very rapid 
urinary excretion rate and an apparent effort 
(unsuccessful) to compensate for increased bone 
dissolution by a slight increase in bone deposition 
rate. A similar rapid rate of urinary excretion 
and 15 per cent increase in bone deposition is an 
early feature of corticoid overdose in normal sub- 
jects (48). 

Albright’s hypothesis that bone formation is 
decreased in postmenopausal osteoporosis has 
recently been challenged (49-51). Patients with 
postmenopausal osteoporosis have been reported 
to have calcium (7, 9, 11) and strontium (11, 15) 
kinetics indistinguishable from those of normal 
subjects. Our data show that the rate of bone 
formation is decreased in osteoporosis and that this 
difference persists after correction for body size. 
The histograms for exchangeable pool size and 
bone deposition rate for the control subjects and 
osteoporotics show moderate overlap between the 
two groups, but the groups clearly comprise two 
populations. Our values for osteoporotics are 
similar to those reported by others. Hence, in- 
terpretation of these values as “low” depends on 
the relatively high values of our normal subjects 
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compared with the published normal values dis- 
cussed above. Lower than normal values for 
strontium retention by osteoporotics have been 
reported by others (6, 13, 16). Bone accretion 
rate of P** is also decreased in osteoporosis (52). 
These data are in harmony with Albright’s hy- 
pothesis that postmenopausal osteoporosis is due 
to decreased osteogenesis, but do not prove it, 
since the low rate of bone formation could reflect 
a decrease in skeletal mass, as in the two cases of 
advanced Cushing's disease. However, if the de- 
creased skeletal mass of postmenopausal osteo- 
porosis is due to an increased rate of bone resorp- 
tion, calcium and strontium metabolism might 
resemble that of Cushing's disease, in which the 
urinary excretion rate is rapid in spite of skeletal 
depletion manifested by osteoporosis and de- 
creased exchangeable pool size. In our experi- 
ence, long-standing postmenopausal osteoporosis 
is rarely associated with increased calciuria. If 
postmenopausal osteoporosis is associated with in- 
creased bone resorption, as suggested by others, 
the urinary excretion rate might be normal if 
exogenous calcium was curtailed and bone depo- 
sition rate was normal. Hypercalciuria might 
result from normal bone resorption with de- 
creased rate of bone deposition. This situation 
occurs in the osteoporosis of disuse or immobili- 
zation, which is regularly accompanied by marked 
hypercalciuria. Physical strain is considered to 
be a normal osteoblastic stimulus and its loss re- 
sults in decreased osteogenesis. This concept is 
supported by the decreased bone accretion rate in 
an immobilized subject (6) and by the greatly 
increased bone deposition rates in our group of 
hard-playing athletes. The decreased bone depo- 
sition rate in postmenopausal osteoporosis, as in 
immobilization osteoporosis, probably reflects im- 
paired osteogenesis, but it is not yet clear whether 
this is due to abnormal bone mineral metabolism 
or bone matrix formation. 

Unlike patients with osteoporosis, all reported 
hyperparathyroid patients have had enlarged ex- 
changeable calcium pools and rapid bone turn- 
over rates (11, 15). This is not surprising, since 
there is more exchange surface in the actively 
metabolizing bone. Secondary increase in osteo- 
blastic activity is thought to occur in hyperpara- 
thyroidism only when bone involvement is well 
developed and changes are roentgenographically 
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evident. In our four patients with hyperpara- 
thyroidism who had roentgenographic changes or 
rise in serum alkaline phosphatase or both, the 
exchangeable pools were large and bone deposition 
rates rapid. The 17 patients who had normal 
bones by X-ray and alkaline phosphatase tests 
but showed microscopic evidence of bone involve- 
ment had small but significant increases in stron- 
tium space and turnover. Seven patients with 
no microscopic foci of bone resorption had normal 
values for pool size and decreased rates of bone 
deposition. Thus, the degree of bone involvement 
in hyperparathyroidism measured by strontium 
movement correlates well with that found histo- 
logically. In 11 patients with recurrent nephro- 
lithiasis who were distinguishable from patients 
with hyperparathyroidism only by their lack of 
hypercalcemia, the pool size and total turnover 
rate were normal, but more mineral was being 
channeled to urine than in normal subjects and 
bone formation was slightly decreased. Four 
patients studied by Fraser and co-workers (15) 
before and after cure of hyperparathyroid bone 
disease showed continued avidity for strontium 
for several months. One of our patients with a 
rapid initial bone deposition rate still had high val- 
ues 1 week after operation. Four other patients 
had normal or low bone deposition rates before 
operation and these did not change after removal 
of parathyroid adenomas (Table IV). Although 
the number of liters of exchangeable pool being 
deposited daily in bone does not change, the fall 
in calcium concentration throughout the pool post- 
operatively results in less actual calctum being de- 
posited in bone. The decrease in urinary excre- 
tion rate of strontium postoperatively parallels 
the decrease in hypercalciuria usually seen when 
hypercalcemia is corrected. 


SUM MARY 


1. Skeletal dynamics were calculated by usual 
dilution formulas, using stable strontium as a 
tracer, in 25 normal subjects, 14 athletes, 26 pa- 
tients with postmenopausal osteoporosis, 28 with 
primary hyperparathyroidism, 3 with hyperadren- 
ocorticism 8 with acromegaly, 7 with thyrotoxi- 
cosis, 11 with urolithiasis, 5 with Paget's disease 
of bone, and 1 with vitamin D poisoning. The 
technic requires that 10 mEq of strontium glu- 
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conate be injected intravenously and blood and 
urine concentrations be measured for 4+ to 6 days. 

2. In normal subjects the rapidly miscible pool 
was equivalent to 42.7 + 1.1 L of serum, turning 
over at a rate of 13.5 + 0.6 L daily, of which 3.9 
+ 0.2 L was excreted by the kidney and 9.6 = 
0.4 L went to bone. Since only approximately 
2.5 per cent of the pool is excreted in the feces 
daily, fecal excretion was not measured routinely. 
Good reproducibility was found in 21 duplicate 
studies. 

3. Intense muscular exercise (athletes) was 
found to expand the pool greatly and to accelerate 
the rate of deposition in bone. 

4. Kinetically, two divergent types of osteo- 
porosis were differentiated. A small pool and low 
rate of bone deposition were found in postmeno- 
pausal osteoporosis and Cushing’s disease of long 
duration. The large pool and rapid rate of bone 
deposition in thyrotoxicosis was confirmed and 
also found in acromegaly. In these two, excessive 
bone resorption is postulated. 
rate was excessive in Cushing's disease, thyro- 
toxicosis, and acromegaly. 


Urinary excretion 


5. In hyperparathyroidism with clinically evi- 
dent osteitis, expanded pools, greatly increased 
turnover, urinary excretion, and bone deposition 
rates were confirmed. In patients with normal 
roentgenographic appearance and_ phosphatase, 
bone involvement was shown by slight increase in 
bone deposition rate and microscopic foci of re- 
sorption on iliac crest biopsy. In seven patients 
without histological foci of resorption, the bone 
deposition rate was not increased. 
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APPENDIX 


Tables I through IX give clinical and experimental data 
on individual subjects. In each table 97 TRP = per cent 
renal tubular resorption of phosphate, k = serum strontium 
disappearance rate constant per day, E = exchangeable 
pool size in liters, T = exchangeable pool turnover in 
liters per day, U = urinary excretion rate in liters per day 
and B = bone deposition rate in liters per day. 
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APPENDIX TABLE I 


Serum 


Clinical notes 


mEq/L mg SJR 
100 ml units 


Normal San Quentin 5.25 a7 i rf 0.319 
Familial hirsutism ; 4.95 4.0 4.8 " ‘ 0.286 
normal bones by X-ray 
Normal San Quentin 5.15 Bj i 0.415 
Norma! San Quentin a é 0.280 
Normal 3.2 0.359 
0.255 
Normal San Quentin 5.3! 0.336 
Dermatitis, hands 5.05 3. ; 0.262 
Normal 3. § 0.330 
5 0.352 
Normal San Quentin 0.304 
Normal San Quentin 0.276 
Norinal San Quentin 5.58 3. 0.259 
0.335 
Normal San Quentin 0.380 
Normal San Quentin aa 0.238 
Normal San Quentin ‘ . 4, 0.289 
0.252 
Normal 5. 0.254 
0.232 
Juvenile epiphysitis Si 3.3 Bs 0.285 
Contact dermatitis 5. 3. 0.347 
Psoriasis 3A 0.256 


Psoriasis F 77 0.447 

Normal 5. x 3.8 8 0.336 

HOLM 5 Osteoarthritis, mild 7 0.299 
0.274 


TUC § 50.9 Osteoarthritis, mild 5. 0.318 


2. 
3. 
3. 
4. 
4. 
i. 
3 
3 
4 


Neus 


+ 


APPENDIX TABLE II 
San Quentin athletes * 


Serum 
Phos- 
pha- Urine 
Name tase Ca 


SJR mEq/ 
unitst 24 hrs 


~ 


Dae 


91.8 177 


WON 


S 


ADD 


MOANNWE 


| 


* All subjects were normal. t No data. 
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| Healthy subjects, average activity : 
= | 
Name Sex Age Wt Ht Ca P tase Ca TRP k E 7 B j 
— 
ad ee JES M 24 78.2 185 51.2 16.3 3.9 12.4 a 
SUL F 25 79.9 175 35.8 10.2 3.5 6.7 
DYK M 2% 77.8 173 38.3 15.9 4.3 11.6 
FIL M 27 76.4 170 50.6 14.2 4.1 10.1 
DEL M 27° 86.3 188 15:9 $2.2 
37.8 13.6 3.7. 99 
STA M 27 65.5 183 51.4 17.3 5.4 11.9 
WYA F 29 51.6 155 32:9" 55 
a EIS M 29 65.9 146 43.8 145 48 97 
3069.1 41.9 148 5.0 9 
CAM M 30 81.9 180 15.0 13.7 4.0 9 
HUT M 33 81.9 183 46.2 18.1 4.0 14 
ieee ZEK M 33 68.3 178 49.6 12.9 2.5 10 Se 
46.4 15.6 6.1 9 
ai BLA M 34 80.5 183 51.4 23.4 9.2 14 
KIN M 37 99.6 185 40.8 9.7 6.7 
Phu STO M 40 91.9 183 42.2 10.6 [4 8.2 4 
44.6 12.9 9.7 
GOR M 41 841 181 49.4 12.6 8.9 
55.4 12.9 8.9 
TOR F 42 53.6 171 43.4 124 Hi 8.3 
| REY F 4353.6 163 31.0 10.7 7.6 
ARB F 48 53.2 163 34.0 85 6.6 
35.6 15.9 12.4 
40.9 13.7 10.2 
50.4 16.6 12.4 
39.0 11.0 8.3 
36.0 13.8 8.3 
es 42.1 12.6 9.2 
m 
STA M 26 70.0 174 5.10. 82 0.412 
5.40 75 0.367 
REE M 34 71.9 185 5.40 80 0.325 
ROL M 28 68.7 171 5.45 78 0.383 
ee MAS M 25 67.8 175 50 81 0.361 
THO M 28 74.2 175 
WAT M 25 81.0 180 
YOU M 33 13.1 1793 
DEL M 28 69.6170 
NEA M 25 73.4 182 
BEL M 30 79.4 177 
LEE M 31 
BAR 30 


80.0 


68.7 
76.0 
73.0 
69.0 


EUGENE EISENBERG AND GILBERT S. GORDAN 


APPENDIX TABLE III 


Multiple urinary tract stones 


~ Serum 
Phos 

pha 
Clinical notes Ca P tase 
mEq/L omg SJR 
100 units 

5.30 3.2 3.0 
5.45 2.8 6.0 


Stones, 8 yrs 

Familial history of 
stones; stones, 14 yrs 
Recurrent stones, 8 yrs; 5.65 : 6.0 
pyelonephritis 

Immobilized 13 yrs be- ; 2: 5.8 
fore; asymptomatic renal 

calculi 

Recurrent stones, 12 yrs; 

rheumatic heart disease 

Recurrent stones, 2 yrs 

Ca oxalate stones, 7 yrs 

Stones, 14 yrs 

Ca oxalate and phosphate 

stones; chronic pyelo- 

nephritis, 5 yrs 

Bilat. stones, 6 yrs; 

arteriosclerosis 


Renal tbc; stones, 9 yrs 


APPENDIX TABLE IV 


Postmenopausal osteoporosis 


Serum 


pha- 
Clinical notes Ca 4 tase 
SIR 


units 


mEq/L me 
100 ml 
Mult. compressions T and 5.20 27 7.0 
L spine; nontoxic nodular 
goiter 


Guillain-Barre, 10 yrs; 
postmeno. tract. 
T2,3,9,10 Li.s 


Fract. 1umbar vertebrae 
and left hip 


Multiple compressions; 
osteoporosis (biopsy) ; 
hysterectomy at 40 


Bilat. ovariectomy at 
47; compression Le 


Generalized demineraliz- 
ation; Schmorl’s nodes 


Fract. T10,12; urinary 
tract infection 


Demineralized spine; 
fract. thyrotoxic, 
25 yrs previous 

Femoral fract.; diabetes 
Osteoporosis (biopsy) ; de- 
mineralized spine; 
emphysema 

Comp. fract. Te-L2; cal- 
cification in spleen and 
liver 


Phos- 


83 
81 


Urine 


mEq, 
24 hrs 


4.9 


0.266 
0.382 


0.269 


0.316 


0.279 


9.382 
0.305 
9.360 
O.415 


0.370 


0.396 


0.319 
0.254 


0.245 


0.295 


0.237 
0.261 


0.347 


0.181 
0,199 


0.316 


0.259 
0.219 


1820 

Name Sex Age Wt Ht Ca TRE 4 E r .B 

ig yrs kg cm mEq/ 

24 hrs 

‘ BLI M 43 80.0 169 6.5 48.4 12.9 98 
COR M 46 73.9 162 17.0 29.5 11.3 5.9 54 
to GEN M 39 71.9 179 11.1 83 MMMM 34.8 9.4 5.2 4.2 F 
FRI M 40 76.2 182 7.8 72 43.1 13.6 46 9.0 
Site 
HOP M 55 Mmm 171 Da. 77 
LEO M 29 170 9.0 77 34.3 13.1 4.5 8.6 
F EES PAL M 58 170 11.8 81 36.6 11.2 6.2 5.0 
Gig RAG M 53 176 11.1 60 40.4 145 6.2 83 

ste Ws SCH M 32 173 12.4 86 45.4 18.8 11.6 7.2 
KNI M 59 59.6 167 16.1 79 49.8 184 8&5 99 

1) 
MOR M 32 66.2 14 5.00 3.0 10.0 4.5 70 286 11.3 2.8 8.5 
if 
Big 
Name sex Age Wt = Ht | | TRP E 7 B 
: 

MCD F 57 57.7 155 mm 37-4 6.8 

‘Th WAL F 60 52.3 154 4.90 3.3 4.5 87 0.278 438 118 1.9 9.9 
OLE 60 55.0 157 5.25 2.8 3.9 85 0.245 27.7 63 14 4.9 
od totes NEI F 63 33.2 146 535 3.4 49 41 86 0.258 347 9.0 18 7.2 
BER F 65 69.5 155 5.10 3.0 6.9 84 35.6 11.4 2.7 8.7 
ia BRI F 67 76.4 156 Ps 4.75 3.2 4.3 6.2 85 41.5 10.6 34 7.2 i 
CAM 67 58.2 146 5.25 3.2 6.0 18 84 M/Z! 29.0 7.1 09 6.2 

vk JAC F 67 70.0 160 520 40 60 39 95 MMMM 348 103 2.1 8.2 

5.10 3.0 33.8 80 1.6 64 
| 69.6 5.10 4.6 49.7 24 

KRI F 68 48.6 153 5.25 3.0 7.0 88 28.8 10.0 3.3 6.7 
GIB F 68 72.8 159 5.05 3.5 3.3 25 91 40.4 7.3 2.0 5.3 
Bi bee AND F 69 545 163 540 43 7.2 50 95 35.1 7.0 54 1.6 Be 
ai 
j BRU F 70 54.1 145 5.15 4.2 sz 6.6 82 32.1 101 40 61 

53.9 4.95 3.5 4.9 33.2 86 28 5.8 
5.05 3.2 4.1 87 34.4 7.5 16 5.9 

Gel 
| 

| 
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APPENDIX TABLE Iv—( Continued) 


Postmenopausal osteoporosis 


APPENDIX TABLE V 


Hyperthyroids 


comp. fract. T7,1:,12 


Serum 


Serum 
Phos- 
pha- Urine 
Name Sex Age Wt Ht Clinical notes Ca tase Ca E B 
yrs kg cm mEq/L meg SJR mEq 
100 ml units 24 hrs 
DAD F 70 52.3 158 Mod. demineralization ; 5.10 4.0 Sat 9.8 88 0.300 39.7 11.3 2.8 8.5 
biconcave vertebrae 
53.4 5.00 3.4 7.0 91 0.359 30.2 10.8 3.1 7.7 
53.0 4.85 7.8 0286 37S 11.3 3.8 7.5 
MEY F 70 66.3 155 §.20 0.308 30.0 
66.5 5.10 2.6 0.223 36.5 at 6.6 
VIC F 72 67.3. 157 Osteoarthritis; Schmorl’s 5.35 3.5 5.0 6.1 79 0.286 32.8 94 29 65 
nodes; arteriosclerosis 
68.5 5.45 6.4 0.318 27.3 6.9 3.0 3.9 
WAG F 72 74.0 155 Compressions Li-1; Park- 5.05 Ki 7.6 8.1 86 0.267 36.2 97 50 4.7 
inson’s dis.; arterioscler. 
COO F 74 50.0 154 Osteoporosis (biopsy) ; 5.30 q 4.3 2.2 87 0.262 26.6 70 O08 6.2 
treated lunes 5.25 80 0.172 32.3 5.6 0.7 4.9 
WAT F 75 38.1 144 Osteoporosis (biopsy) ; 4.55 3.4 6.0 0.8 90 0.187 45.2 8.5 0.8 7.7 
gastrectomy 
MAN F 75 S32: AGS 5.15 4.1 0.208 34.7 a 
WALK F 76 46.8 158 5.10 3.4 3.8 0.248 28.8 7.2 1.4 4.8 
STA F 77 59.5 146 Collapsed Ti0,12 L2.4; 5.25 3.7 1.6 0.260 22.8 59 1.2 4.7 
scoliosis; osteoarthritis 
arteriosclerosis 
60.4 10 1:7 0.282 22.0 6.2 1.1 Sf 
4.1 0.193 29.3 5. 
MCC F 78 59.5 147 Thyrotoxic, 13 yrs prev.; 4.80 3.6 4.1 89 0.328 21.3 7.0 2.6 4.4 . 
compression T and L spine 
4.70 81 0.245 24.1 59: 13 4.1 
CHA F 80 59.1 158 Compression T12,L1,2 5.25 3.5 5.5 83 @327 230 75 24 4.8 
60.3 157 Le 3.0 5.7 0.290 33. 9.6 2.6 7.0 
60.2 $.2 3.9 0.284 34. | 7.0 
JAE F 80 62.1. 155 Compressed L vertebrae; 4.70 2.7 8.0 4.3 84 0.258 
emphysema 
SCH F 81 61.2. 167 Anterior compression 4.90 2.8 6.8 1.5 79 0.270 30.2 8.2 3.1 5.1 a 
L2_«, bromide rash 
BRUS I 85 56.6 151 Schmorl's nodes $.35 3.4 4.0 3.4 82 0.215 40.7 8.8 2.2 6.6 


Name Sex Age Wt = Ht Clinical notes Ca P 
\ yrs kg cm mEq lL mg SIR mEq, 
100 ml untts 24 hrs 
CLE F 33 50.0 168 Graves’ disease 5.35 4.8 7.0 3.6 82 0.468 52.0 24.3 44 19.9 
SYK M 70 56.7. 160 Toxic nodule 3 4.3 0.392 51.4 20.2 2.4 17.8 : 
PAP F 59 54.8 153 Menopause at 33; osteo- 5.20 3.3 3.0 2.4 82 0.292 41.1 12.0 1.5 10.5 
porosis; toxic nodular 
goiter; comp. of Tii-12 
SMI F 46 60.7. 167 Constipated; thirsty; 5.75 4.4 6.7 19.4 91 0.488 55.9 27.2 4.6 22.6 
Graves’ disease 
GIL M 32 54.5 170 Graves’ disease with my- 6.22 4.2 40.7 76 0.693 48.7 33.7 16.2 17.5 mt 
opathy; osteitis (biopsy) 
SYA F 53 42.2 160 Graves’ disease; fract. 5.75 5.0 6.0 16.9 88 0.592 61.2 36.2 14.0 21.8 
To, Li 
MAR F 58 57.1 160 Graves’ dis.; uremia; 6.71 cf 4.7 20.0 0.401 32.2 12.9 60 6.9 


4 
| 
Phos- 
4 
{ 
| 
r 


BRO 
HOE 
JON 

MOO 


NOR 
POL 


PUR 
DAR 
ALV 
NOR 
CAN 


HYA 


NEI 


COR 


WOL 


BRY 


HOD 


40 


Hyper parathyroidism with normal X-ray appearance, normal alkaline phosphatase level, but positive bone 


52 


60.9 


70.5 


78.8 
61.2 
80.0 
75.0 


61.4 
69.2 
69.0 
62.5 
69.5 
54.9 
68.4 
59.4 


Hyper parathyroidism with normal X-ray appearance, normal alkaliy 


59.1 


86.5 
74.5 
50.7 


91.5 


67.1 


75.6 
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APPENDIX TABLE VI 


Clinical notes 


Hy perparathyroidism 


Serum 


P 


mEq/L 
100 ml 


units 


Hyperparathyroidism with high alkaline phosphatase level or osteitis by X-ray 


148 


174 


161 


171 


180 
157 
173 
165 


178 


182 


167 
160 
160 
164 
163 


163 


169 


148 


162 


163 
152 


175 
170 


169 


Stones-bilat.; Paget’s disease 
of bone 


Giant cell osteoclastoma; 
partia! loss of lamina dura 


Demineralized skeleton; no 
osteitis (biopsy); stones rt. 
side 


Stones, left. Duodenal ulcer 


Stones, bilateral 

Stones, bilateral 

Kidney stones 

Parathyroid cyst palpated in 
neck; no stones 

Stones, bilateral 


Stones, bilateral 


Stones, bilateral 

Renal stones, left 
Constipation, nausea 
Stones, bilateral 

Inc. fatigue, 14 mos 

Stones, left, 18 mos 

Stones, bilateral 

Stones, bilateral 

Stones, bilat. ulcer hist. 
Stones, bilat.; prev. hemor- 
rhage into parathyroid cyst; 
ulcer 

Weakness, nausea, emesis, 
no stones 
Nephrolithiasis; nephrocal- 
cinosis, bilat. 


Back pain; gen. weakness and 
body aches, 5 yrs 

Stones, bilateral 

Stones, bilateral, 2 yrs 
Radical mastectomy for 
cancer; constipation; frac- 
tured vertebrae with demin- 
eralization; osteoporosis 
(biopsy) 

Back pain, juvenile epiphysitis 
Stones, bilat.; serum Ca fe!l to 
normal on corticoids 

Uremia; renal stones 


6.05 


6.90 


6.20 


6.75 


6.25 


5.85 
6.10 
7.05 


2.8 15.0 


11.0 


11.9 


2.4 10.1 


3.1 


6.3 


1.4 5.7 


2.0 6.5 
2.0 
2.3 6.8 


10.7 


19.6 


16.4 


24.1 


26.8 


8.0 


11.6 
14.6 


11.0 


72 


58 


70 


67 


70 


64 


0.269 


0.413 


0.517 


0.430 


0.217 
0.357 
0.359 
0.375 


0.359 
0.502 
0.405 
0.333 
0.403 
0.335 
0.509 


0.367 


0.308 


0.324 


0.403 


ze phos phatase level, and norma 


0.350 


0.389 
0.308 


0.276 


68.2 


50.8 


65.0 


73.7 


18.4 


21.0 


33.6 


31. 


biopsy 


79.1 
40.7 
61.5 


54.6 


32.6 


54.2 


24.6 
45.5 
43. 


50.0 


boxe biopsy 


28.7 


43.4 
45.2 


33.5 


17. 


20.2 


10.0 


12.6 
11.4 
8.8 


16.9 


13.9 


9.2 


xe 
Ate 
> 
Phos 
Name Sex Age Wt Ht Ca | tase Ca TRP k E T B 
ne 
DEL M 2 700 2.2 75 88 24.8 
F 46 145 48 97 
M 38 6.05 2.3 5.2 216 75 220° 13:7 
F 50 6.35 30 5.0 188 71 mm 20.6 «8.4 12.2 
M 40 = 7.00 24 6.2 31.7 75 49.9 17.9 63 11.6 
M 20 7.35 2.4 8.4 25.4 69 58.2 29.2 10.0 19.2 
le 705 24 60 25.0 70 57.4 23.2 7.0 16.2 Hf 
F 54 6.60 2.5 7.1 19.7 66 516 17:2 45. 42.7 
Stee F 53 585 3.2 25 8&7 65 33.5 135 42 93 i 
F 60 6.25 33 56 14 72 48.5 145 5.0 95 
M 56 735 22 65 21.9 70 MM 16.5 6.2 10.3 
F 37 6.00 28 61 mm 166 34 132 
OF 35 40.4 151 7.20 2.9 62 253 95 0:722 17.8 80 98 
= M 34 71.2 471 610 2.5 3.7 18.7 71 0.438 19.6 9.3 10.3 
M 55 85.6 177 6.30 2.3 61 101 82 0.4185 17.9 10.0 7.9 ap 
F 52 56.0 160 6.65 2.5 6.9 4.3 15.8 4.4 11.4 
mm 6.05 2.2 43 176 62 MMMM 55.2 17.9 87 9.2 
32 57.7 620° 30 ‘am. 232 67 64 116 
4 
LAM F S81 76 0.359 5.5 5.9 J 
SWE F 70 mm 86530 860.245 «35.8 2.7 6.1 
ase 
es TUR M 23 615 2.2 60 23.2 69 mm 114 
SAU M 43 = 6.10 1.9 5.9 123 71 mm 5.20 8.7 
MCB M 655 25 65 121 74 46 4.6 
Be 
ile 
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APPENDIX TABLE VII 


Acromegaly * 


Serum 


Phos- 
pha- 
Name Ses Age Ca P tase 


mEq/L meg/ SIR 
100 ml units 


oo 
mn 


ODL 


BOL 
WHI 
LOH 
SEG 
THO 
BAL 
REE 


6.6 


Osu 
Un 00 00 


sw 
00 00 MN 


CON Re 
VIAN 
COM WOOD 


* Clinically active in all patients. 


APPENDIX TABLE VIII 


Adrenocortical hyperfunction 


Urine 
Clinical notes x as Ca 


mEq/L mg SJR mEq 
100 ml units 24 hrs 

Bilateral hyperplasia 5.00 2.8 4.1 6.0 78 0.537 28.2 
Bilatera! hyperplasia 5.30 3.4 6.8 5.9 84 0413 19.8 
Left adrenal adenoma; 5.35 2.7 3.4 23.3 80 0.846 
diabetes: obesity; amen- 
orrhea; demineralized 
spine, fract. Ts 
No remineralization; 0.430 46.1 19.8 
collapse T12; on cortisol, 
0.015 daily 


APPENDIX TABLE IX 
Paget's disease 


Serum 


Phos- 
pha Urine 
Clinical notes Ca P tase Ca. Tar 


o7 


mEq/L mg, SJR mEq/ 
100 ml units 24 hrs 


Prog. muscular dys- §.35° 3:8 189 62 -86 0,423 
trophy, familial; pelvis, 

femora, calcanei 

Marked widespread .0 3.6 87 1.04 
disease 

L;, rt. femur 3: 0.336 
L clavicle; rt. scapula ; : 0.347 
L tibia; skull; pelvis 


Pelvis and lumbar spine ; . 0.396 


1823 
| 
Ca TRP k E T U B 
24 hrs 
36 
F 30 11.1 
aan F 38 15.9 
M 29 1 33.3 
a M 47 24.1 
M 41 16.5 | 
M 44 14.9 
Sertin 
yrs ke cm 
ARM M 37 59.3 167 8.6 6.6 
CHU 50.5 174 5.8 24 
GIL F 26 73.3. 162 20.2 14.6 
3 mos post 67.1 160 2.4 17.4 if 
SAN M 54 56.5 164 69.8 295 3.3 26.2 
: 
in MAR M 41 65.7. 164 175.5 182.5 6.8 175.7 
ore SIM M 46 81.5 118 65.0 21.8 5.5 16.3 : 
MAC M 74 81.0 181 125.0 434 5.8 37.6 
MCK M 76 44.0 172 S164 
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The reactivity of the iron in the four hemes 
of the mammalian hemoglobin molecule depends 
largely on the interactions between the prosthetic 
groups and the amino acid chains of the globin 
(1,2). Normal configuration of heme groups in 
the abnormal human hemoglobins, therefore, does 
not preclude anomalies of their oxygen affinity 
which might arise from aberrations in the globin. 
In most of the more than 20 recognized abnormal 
human hemoglobins the amino acid abnormality 
does not affect the oxygen affinity. Amino acid 
changes which are remote from groups crucial in 
the globin-heme interaction do not affect oxygena- 
tion. Abnormal oxygen affinities have been re- 
ported in hemoglobin H and M. Hemoglobin H 
contains only the beta and not the alpha chains of 
normal hemoglobin and exhibits an oxygen affinity 
ten times greater than normal but has no Bohr 
effect (3). Hemoglobin M causes cyanosis ap- 
parently due to its inability to combine with oxy- 
gen. The pigment may be present in the blood 
as methemoglobin M or as its nonoxidized pre- 
cursor (4). 

We have recently encountered a hemoglobin 
which caused cyanosis due to an abnormally low 
oxygen affinity. The entire oxyhemoglobin dis- 
sociation curve was markedly shifted, but at 
sufficiently high oxygen tensions the pigment be- 
came fully saturated. The oxygen equilibria, spec- 
troscopic and preliminary electrophoretic findings 
are presented. Since a lowered oxygen affinity of 
hemoglobin is usually not considered in the dif- 
ferential diagnosis of cyanosis, some reference is 
made to the methods which lead to its detection. 


PROPOSITUS 


The patient, a 14 year old white male of normal growth 
and superior intelligence, has been cyanotic since birth. 


* Supported by a grant from the Kansas Heart Associ- 


ation. Presented in part at the National Meeting of the 


American Federation for Clinical Research, April 30, 
1961, in Atlantic City, N. J. 
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No clubbing, squatting or shortness of breath has ever 
occurred, but he has had some episodes of weakness after 


severe exertion. Pulmonary function tests, including dif- 
fusion studies, were within normal limits. Hemoglobin 
was 13.9 g per cent; erythrocytes 4.6 million; reticulo- 
cytes 1.4 per cent; red cell morphology normal. Exami- 
nation of the blood for methemoglobin or sulfhemogio- 
bin was negative. Cardiac catherization, including dye 
injection studies, revealed on three different occasions 
low arterial and venous oxygen content but no evidence 
of cardiovascular abnormalities 

The patient is an only child. His grandparents are de- 
ceased; his father’s hemoglobin is normal. His mother’s 
hemoglobin showed almost quantitatively the same ab- 
normalities as that of the patient. One brother and sister 
of the mother as well as one male and one female de- 
scendent of the brother have normal hemoglobin A. 


METHODS 


Arterial and venous blood samples were taken during 
inhalation of various O.-N, mixtures. All gas samples 
were analyzed in an E, Beckman oxygen analyzer. The 
oxygen tension of blood was determined with a Clark- 
Severinghaus oxyger electrode (5) (Yellow Springs In- 
strument Corp.) and the oxygen and carbon dioxide of 
the blood by the manometric technique of Van Slyke and 
Neill. Blood pH was measured at 37° C in an anaerobic 
electrode with a Beckman model M pH meter. The de- 
termination of the oxygen capacity of the blood under 
these circumstances required special attention to the fol- 
lowing possibilities: 1) the usual equilibration of blood 
in vitro may not fully saturate the heme pigments in the 
sample and 2) the spectrophotometric measurements of 
the hemoglobin concentration may not be valid when 
dealing with an abnormal pigment with unknown light 
absorption constants. The total hemoglobin concentra- 
tion was therefore ascertained by three methods: 1) 
spectrophotometric hemoglobin iron determination after 
wet ashing (6) and calculation of the pigment concen- 
tration on the basis of hemoglobin iron concentration of 
0.335 per cent; 2) gasometric measurement of the oxy- 
gen capacity after equilibration of the blood in vitro with 
oxygen at 20° C (1.34 cc oxygen equivalent to 1 g hemo- 
globin) ; and 3) spectrophotometric measurement of the 
pigment after its conversion into cyanmethemoglobin, ap- 
plying a millimolar extinction coefficient of 11.5 at 542 
mu (7). Absorption spectra of the undiluted blood after 
anaerobic lysis with saponin were obtained using a cuvet 
of 0.0087 cm thickness (Waters-Conley Corp.) in a Beck- 
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man DU spectrophotometer. Ultraviolet spectra were 
obtained with a Cary recording spectrophotometer. All 
optical densities were expressed per 1 cm light path and 
as the concentration of 1 mmole per L of the subunit 
(mol wt 16,700) of hemoglobin. One mmole per L of 
the subunit corresponds to 1.67 g¢ per cent hemoglobin 
(mol wt 67,000). 

Hemoglobin solutions were prepared at 4° C. After 
repeated washings with saline, the cells were lysed with 
approximately twice their volume of distilled water plus 
5 per cent toluene. After centrifugation at 25,000 G for 
30 minutes, the decanted clear hemoglobin solution was 
mixed with buffer of desired pH and ionic strength. 
Oxygen equilibria studies were carried out on freshly 
prepared hemoglobin solutions of approximately 6 g per 
cent concentration in 0.15 M phosphate buffer. Samples 
were equilibrated in a tonometer with O.-N, mixtures 
at 37° and 28° C water-bath temperatures for 20 min- 
utes. The hemoglobin solution was then transferred 
anaerobically into the 0.0087 cm cuvet, and oxyhemo- 
globin (HbO.) and reduced hemoglobin (Hb) fractions 
were determined spectrophotometrically according to the 
method of Drabkin (8). The absence of methemoglobin 
was verified in each sample by preparation of a companion 
sample with addition of freshly neutralized KCN and 
comparison of the two absorption spectra. 

Spectrophotometric studies on methemoglobin (MetHb) 
were made on dilute solutions in phosphate or borate 
buffer after oxidation of the pigment at pH 6.5 by potas- 
sium ferricyanide which was added to the hemoglobin 
solution in molar ratio of 6 to 1. The percentage of al- 
kaline and acid methemoglobin at a given pH was as- 
certained according to the method of Austin and Drab- 
kin (7). All pH values were corrected to 0.1 ionic 
strength. The methemoglobin dissociation was calcu- 
lated according to the equation pH = pK + log (alkaline 
MetHb/acid MetHb). 

Electrophoretic studies were done on granular or gel 
starch blocks, cooled with circulating ice water (9). A 
current of approximately 40 ma at 250 v was applied. 
Electrophoresis of oxyhemoglobin, carboxyhemoglobin, 
methemoglobin and cyanmethemoglobin was studied at 
pH 8.6 (veronal buffer, 0.05 ionic strength) and at 7.4, 
7.05 and 6.5 (phosphate buffer, 0.05 ionic strength). 


RESULTS 


In vivo oxygen saturation of the blood. While 
the patient was breathing room air his arterial 
oxygen tension was normal and ranged between 
96 and 104 mm Hg. The oxygen content of the 
arterial blood, after subtraction of the oxygen in 
physical solution, increased by about 35 per cent 
between room air and 100 per cent oxygen breath- 
ing, clearly indicating incomplete saturation of the 
hemoglobin at a usual arterial oxygen tension of 
100 mm Hg. After equilibration of the blood 
in vitro at 20° C with oxygen, its gasometrically 
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TABLE I 


Total hemoglobin* measured as hemoglobin tron, cyanme: 
moglobin and oxygen capacity 


Hemoglobin- Cyanmethemo- 
iron globin 
Gasometrict (mg % Fe/3.35 mmoles,’L 
(vol % O2/1.34) =11.5 at 542 mp) 


Patient 
Normal 


13.91 + 0.14 
14.24 + 0.16 


13.98 + 0.09 
14.32 + 0.08 


14.02 + 0.09 
14.30 + 0.12 


* Figures given are given in g ©“@ as mean + standard 
deviation of three determinations. 
After equilibration of the blood with at 20° C. 


measured oxygen capacity agreed satisfactorily 
with its capacity calculated on the basis of the 
heme iron determination (Table I) indicating that 
all hemes present had combined with oxygen. 
An in vivo oxygen saturation curve (Figure 1) 
was constructed accordingly and demonstrated an 
enormous shift to the right. There was satura- 
tion of 60 per cent in the arterial blood at a nor- 
mal Po, of 100 mm Hg, and a saturation of 94 per 
cent during oxygen inhalation. An in vitro dis- 
sociation curve of the blood showed essentially the 
same results. 

While the patient «vas breathing room air the 
pH of the arterial blood was 7.38 and its CO, 
content 22.2 mmoles per L. The CO, content of 
the arterial plasma was 27.3 mmoles per L, indi- 
cating a normal distribution of the CO, between 
plasma and corpuscles. 

Oxygen equilibria of hemoglobin preparations in 
buffer solutions. Hemoglobin, freed of stromata 
and lipids, in 0.15 M phosphate buffer solution 


was equilibrated against known O.—N, mixtures 

100F Normal 

Patient 

80F 

> 60+ 
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Fic. 1. IN VIVO OXYGEN SATURATION OF ARTERIAL 


BLOOD DURING INHALATION OF ©.—N, MIXTURES; BLOOD 
PH 7.34 to 7.39. Open circles are measurements in ve- 
nous blood. 
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NORMAL 


T 


PATIENT 
MOTHER © 


% O, Saturation 


log pO, 

Fic. 2. OXYGEN EQUILIBRIA OF HEMOGLOBIN (APPROX- 
IMATELY 6 G PER CENT) IN 0.15 M PHOSPHATE BUFFER AT 
37° C. pH: patient, 7.37; mother, 7.36; normal control, 
7.39. 


and the resultant dissociation curves are presented 
in Figure 2. As observed by others (10, 11), 
the oxygen affinity of freed hemoglobin was con- 
siderably greater than that of intact red cells, a 
phenomenon probably due to differences in pH, 
CO, and ionic concentrations in the environment 
of the hemoglobin molecules. As a dilute hemo- 
globin solution, normal hemoglobin A required 14 
mm Hg Po», to produce 50 per cent saturation 
versus 40 mm Hg for the patient’s hemoglobin. 
As intact blood, 50 per cent saturation points were 
at Po. of 25 mm Hg for the normal control com- 
pared with 70 mm Hg for the patient. In other 
words the patient’s hemoglobin in buffer solutions 
as well as in intact cells required oxygen tensions 
roughly 2.8 times greater than normal for half- 
saturation. Four-hour dialysis of the hemoglobin 
solutions prior to the equilibration did not ma- 
terially alter the oxygen equilibria. Hemoglobin 
solutions prepared from blood of the patient's 
mother showed a dissociation curve almost identi- 
cal with that of the patient. 

The grossly abnormal shape of the patient's dis- 
sociation curve in Figure 2 should be noted. The 
asymmetry of the curve was not caused by the 
presence of methemoglobin or by partial denatura- 
tion of the hemoglobin. Both conditions, which 
are common causes of asymmetrical curves, were 
eliminated by spectroscopic examinations. 

The steepness of the normal curve in the plot of 
oxygen saturation versus log Po, (Figure 2) is 
related to heme-heme interactions. A numerical 
expression of the intensity of these interactions 


can be obtained from Hill’s equation: log (y/100 
— y) =log K + n log Po, where y is the per cent 
oxyhemoglobin, m is an expression of the heme 
interactions (n = 1 = no interactions), and K is 
a measure of the affinity for oxygen. The n value 
was calculated for the slope in the range of 50 per 
cent saturation and was 2.6 for normal hemo- 
globin and 1.1 for the patient’s hemoglobin. 

The effect of pH on the oxygen equilibria of 
the patient’s hemoglobin was not different from 
that on the normal control (Figure 3). 
measurements were made at 28° C and a compari- 


These 


son with measurements at 37° C indicates a some- 
what smaller temperature effect on the affinity of 
the abnormal hemoglobin than on the normal. 
Spectroscopy of the native pigments. Spectro- 
photometric examinations were made with the 
following objectives: /) to ascertain the nature 
of the pigment which remained unoxygenated in 
the patient’s blood in vivo and 2) to obtain ultra- 
violet absorption spectra with particular attention 
to signs of possible denaturation of the pigment. 
After complete saturation with oxygen in vitro, 
the blood was quickly hemolyzed and examined 
in the 0.0087 cm cuvet. Its absorption spectrum 
was identical with that of normal oxyhemoglobin 
(Figure 4). 
tension, a normal reduced hemoglobin absorption 
Arterial and venous blood 


After evacuation at zero oxygen 


spectrum was found. 


Errect OF PH AND TEMPERATURE ON HALF- 
SATURATION (HspO,= Hs) OF HEMOGLOBIN (APPROXI- 
MATELY 6 G PER CENT) IN 0.15 M PHOSPHATE BUFFER. 


Solid circles at 28° C, open circles at 37° C. 
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ter 


Optical Density mmol /! 


500 mp 


600 $50 

Fic. 4. ABSORPTION SPECTRA OF THE PATIENT'S HE- 
MOLYZED BLOOD (UNDILUTED IN 0.0087 CM CUVET). 
A—A after equilibration with 100% O, at 20° C; @--@ 
after equilibration at zero Po,; ++ native venous blood; 
O © native arterial blood. 


samples of the patient were examined under anaer- 
different and 
failed to reveal the presence of any pigment other 
than oxyhemoglobin and hemoglobin. Two ex- 
amples are indicated in Figure 4. The light ab- 
sorption of arterial blood closely fitted a theoreti- 
cal curve representing 59 per cent oxyhemoglobin 
and 41 per cent hemoglobin. Venous blood fol- 
lowed a predicted curve of 18 per cent oxyhemo- 
globin and 82 per cent hemoglobin. Although 
these absorption spectra were obtained within 10 
minutes after shedding of the blood, the remote 
possibility remained that a circulating methemo- 
globin might have been reduced during this time, 
perhaps due to a delayed reductase activity. Blood 
was therefore collected with and without KCN 
No spectral dif- 


obic conditions on six occasions 


present in the sampling syringe. 
ferences referable to the formation of cyanmethe- 
moglobin were noted. 

The absorption spectra in the ultraviolet spec- 
tral region, presented in Figure 5, were obtained 
from the hemoglobin preparations used in the 
study of the oxygen equilibria. They failed to 
show any indication of denaturation. The peak 
of the Soret band of oxyhemoglobin was at 415 
my and that of the hemoglobin at 425 mp. The 
tryptophan and phenylalanine bands were at the 
same wave lengths and of similar amplitude as 
the bands observed in the normal controls. 

Absorption spectra of the ferri-hemoglobins. 
The methemoglobin produced by im vitro oxida- 
tion of the hemolysates from the patient and his 
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mother exhibited identical abnormalities (Figure 
6). 
methemoglobin (pH 6.5) in the green spectral 
region is not caused by incomplete oxidation of 


The greater optical density of the patient's 


some hemes, because it extends into the 530 to 


ULTRAVIOLET SPECTRA OF HEMO- 
The curve marked by solid circles 
Lower: Soret band of HbO,; up- 


per: tryptophan (T) and phenylalanine (P) bands of Hb. 


Fie. 5. ABSORPTION 
GLOBIN SOLUTIONS. 


is that of the patient. 
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Fic. 6. ABSORPTION SPECTRA OF METHEMOGLOBIN. 
pH as indicated; phosphate or borate buffer of 0.1 ionic 
strength. 


510 mp region where both oxyhemoglobin and 
hemoglobin have lower light absorptions than has 
methemoglobin. Furthermore, mathematical anal- 
ysis of the curves at several pH’s indicates that if 
the curves represent mixtures, the light absorp- 
tion of both components must be highly pH-de- 
pendent, which is not the case in ferro-hemoglo- 
bins. The Soret peak of the patient’s methemo- 
globin was at 408 mp» as compared with 406 mp 
in methemoglobin A. The described spectral ab- 
normalities were readily reproducible. They did 
not change on addition of excess ferricyanide or 
after standing several days. They are considered 
to be a manifestation of abnormal molecular struc- 
ture of the abnormal pigment. To allow absolute 
comparisons, all absorption spectra are presented 
as millimolar densities which refer to the total 
pigment concentration and not necessarily to the 
concentration of the abnormal pigment. 

The dissociation of methemoglobin (Fe***OH,) 
into the alkaline form (Fe***OH) is demonstrated 
in Figure 7. The difference in the pK between 
normai and the patient’s pigment is of doubtful 
significance. The oxidized pigment of the pa- 
tient reacted quantitatively with potassium cya- 
nide, and the resultant cyanmethemoglobin ex- 
hibited essentially normal absorption spectra. 

Electrophoretic findings. Starch block electro- 
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phoresis of the oxyhemoglobin, carboxyhemoglo- 
bin and cyanmethemoglobin preparations did not 
reveal significant differences in the migration of 
the patient’s pigment in comparison with hemo- 
globin A, except for a very light A, component 
in the patient. On starch block electrophoresis of 
the methemoglobin form at pH 8.6, patterns were 
obtained which were identical in the patient and 
his mother and which could easily be distinguished 
from methemoglobin A (Figure 8). The bulk of 
the patient’s pigment migrated more slowly than 
methemoglobin A, but it is difficult to decide 
whether the spot of the latter was entirely vacated. 
Eluates from this portion gave absorption spectra 
identical with the main band, and both were indis- 
tinguishable from the absorption spectrum of the 
pigment before electrophoresis. At pH 7.05 and at 
6.5 the patient’s methemoglobin migrated more 
slowly toward the cathode than did methemoglobin 
A. The dissociation of the Fe***OH, was not 
significantly different in the patient's methemo- 
globin (Figure 7) and the anomalous change in 
the net charges at alkaline pH therefore reflects 
differences in the pK of other groups. 


DISCUSSION 


The lack of hypoxic manifestations in the in- 


tensely cyanotic patient is explained by the shift 
of the entire oxyhemoglobin dissociation curve 


(Figure 1). Assuming a normal tissue Po, of 
35 mm Hg and disregarding the Bohr effect, nor- 
mal blood can dissociate from 95 per cent arterial 
saturation to 60 per cent oxyhemoglobin in the 
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Fic. 7. D1ssocIATION OF METHEMOGLOBIN. The solid 
line describes the theoretical dissociation with a pK of 
8.06. Circles are the observed values corrected to ionic 
strength of 0.10. 
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tissue capillaries. The patient’s arterial blood was 
only 60 per cent saturated, but it dissociated to 25 
per cent oxyhemoglobin at the same tissue tension. 
It thus delivers, like normal blood, 35 per cent 
of its oxygen capacity at peripheral oxygen ten- 
sions of 35 mm Hg. 

The observed low oxygen affinity of the hemo- 
globin in buffered solutions leaves little doubt that 
the abnormal dissociation curve of the blood was 
caused by the properties of the hemoglobin and 
not by an abnormal environment within the red 
cell. Abnormal dissociation curves of the blood 
from subjects suffering from hemoglobin S disease 
have been reported (12, 13). The inherent oxy- 
gen affinity of hemoglobin S after dialysis was 
found to be normal, and the abnormal oxygen 
affinity of the blood has been attributed to dialyz- 
able constituents within the red cell. The buf- 


fered and dialyzed hemoglobin solutions from our 

patients showed lowered oxygen affinities propor- 

tional to those found in their whole blood. 
Numerous spectroscopic examinations of the 


native blood as well as of the hemoglobin solutions 
failed to detect any pigment with spectral charac- 
teristics other than those of oxyhemoglobin and 
The patient’s arterial blood con- 
If a significant 


hemoglobin. 
tained 60 per cent oxyhemoglobin. 
portion of the remaining 40 per cent were differ- 
ent from reduced hemoglobin, it should have been 
detectable in spite of the limited accuracy of spec- 
trophotometric analysis of systems with more 
than two components. 

A shift in the peak of the Soret band to shorter 
wave length is, according to Jope (14), one of the 
most sensitive criteria of denaturation of a hemo- 
globin. The Soret peak of the oxyhemoglobin 
from the patient was precisely at 415 mp and that 
of his hemoglobin at 425 my. Denaturation can 
not be incriminated, therefore, as the cause of the 
abnormal oxygen affinity. Although it can be in- 
fluenced by major changes in the protein carrier, 
the absorption spectrum in the spectral region be- 
tween 700 and 350 my is primarily a reflection of 
the configuration of the hemes. The quantitatively 
normal absorption spectra of both the oxyhemo- 
globin and the hemoglobin form of the abnormal 
pigment in this spectral region lends no support 
to any abnormality in the heme groups. These 
findings in conjunction with the anomalous elec- 
trophoretic mobility implicate the amino acid 


ELECTROPHORESIS OF METHE- 
0.05 ionic strength, pH 8.6, 


Fic. 8. STarcH 
MOGLOBIN. Veronal buffer; 
250 v, 40 ma, 16 hours. 


BLOCK 


chains as the probable site of the abnormality. 
The relatively slight alteration in electrophoretic 
mobility in no way conflicts with the large abnor- 
mality of the oxygen affinity. The former de- 
pends upon net electrical charges in the protein 
molecule and does not necessarily reflect struc- 
tural abnormalities which alter oxygen affinity. 
The shape of the oxyhemoglobin dissociation 
curve deserves some comment. In the semi- 
logarithmic presentation (Figure 2) factors like 
pH and temperature, which affect oxygen affinity. 
merely displace the curve along the abscissa but 
they do not alter its shape. The steepness of the 
normal curve is attributed to the heme-heme in- 
teractions in the sense that the oxygenation of one 
or more of the hemes facilitates the oxygenation 
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Hemoglobin M 


Log Density 


640620 600 580 560 540 520 500 480myp 
Fic. 9. 
OF THE PATIENT'S OXIDIZED 


MOGLOBIN M (21) at PH 6.5. 


COMPARISON OF THE SPECTRAL ABNORMALITIES 
HEMOGLOBIN WITH METHE- 


of the remaining hemes in the same molecule (1, 
2). It is convenient to assign a numerical value 
to the intensity of this interaction by calculating 
the » value in the logarithmic form of Hill's equa- 
tion, although it is realized that the equation no 
longer has precise physical meaning as originally 
thought. 
without interactions, for instance in myoglobin 
The 
abnormal hemoglobin exhibited an n value of 1.1 


An n value of 1 is found in pigments 
which contains only 1 heme per molecule. 
versus 2.6 in the normal control. One is tempted 
to interpret this finding as the absence of heme- 
heme interactions in the abnormal hemoglobin ; 
from the lack of 
unequivocal electrophoretic isolation of the abnor- 
The hemolysate very likely 


however, uncertainties arise 
mal hemoglobin. 
contained unknown amounts of a normally reac- 
tive hemoglobin. It is theoretically possible that 
the flat oxyhemoglobin dissociation curve in Fig- 
ure 2 is the resultant of the curve of the normal 
fraction plus an equally steep curve of the abnor- 
mal fraction which lies considerably to the right 
of the normal curve. 

Riggs (15) has reported a large though not 
complete blocking of the heme interactions re- 
sulting from blocking of the sulfhydryl groups 
of normal hemoglobin by means of p-chloromer- 
curibenzoate. The n value dropped from 2.9 to 
1.4, and the effect could be reversed largely by 
glutathione. Addition of glutathione has not 
changed the oxygen equilibria of the patient’s he- 
moglobin, but this negative result permits no con- 
clusion regarding an intrinsic abnormality of the 
sulfhydryl groups. 
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The described hemoglobin shows simi- 
larities to hemoglobin M, viz., it causes cy- 
anosis, its oxidized form exhibits spectral ab- 
normalities, and 
can best be demonstrated in its met form. In 
some cases of hemoglobin M, including the origi- 
nal case of Horlein and Weber (16), up to 30 per 
cent methemoglobin of abnormal spectral charac- 
teristics was present in the native blood and ac- 
counted for the cyanosis (17, 18). In the case 
reported by Kiese, Kurz and Schneider (19), en- 
zymatic reduction of this methemoglobin fraction 
yielded a hemoglobin with normal oxygen affinity. 
If these findings apply generally to hemoglobin 
M, the primary defect in its oxygen transport 
function would be its tendency to become oxidized 
due to structural abnormalities in the molecule, 
a mechanism quite different from the truly dimin- 
ished oxygen affinity in our abnormal hemoglobin. 
In other cases classified as hemoglobin M (20, 


electrophoretic abnormalities 


21), including a large number reported in Japan 
(22), no oxidized pigment could be detected in 
the blood. 
fraction of the methemoglobin with abnormal spec- 


Only m vitro oxidation produced a 


tral characteristics similar to those found in the 
first-mentioned group. No oxygen equilibria have 
been reported in these cases, but it is assumed 
that the pigment present in these cyanotic patients 
was unable to combine reversibly with oxygen. A 
comparison of the spectral abnormalities of the 
met form of hemoglobin M and of the pigment re- 
ported here is given in Figure 9. Since the ab- 
solute absorption of both abnormal pigments is 
unknown, the absorption spectra are presented as 
the logarithm of optical densities in order to make 
the shape of the curve independent of concentra- 
tion. The rather different spectral abnormalities 
very likely reflect different molecular structure, 
which is also manifested by their differences in 
reactivity toward oxygen. 

In spite of these significant differences, the vari- 
ous types of hemoglobin M and the pigment re- 
ported here may belong to the same functional 
group of abnormal hemoglobins, namely those 
with aberrations in amino acid groups which are 
crucial in the interaction between globin and the 
oxygen-combining centers. Several hypothetical 
explanations of the normal interactions have been 
advanced, especially in connection with the Bohr 
effect and the heme-heme interactions (2). The 
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chemical nature of the groups involved, even that 
of the heme-linked acid groups, is still an open 
question (1). It would be premature therefore 
to speculate on the globin anomalies of the de- 
scribed hemoglobin. It is to be expected that fu- 
ture elucidation of amino acid anomalies in this 
now emerging group of hemoglobins with altered 
oxygen affinity may shed some light on the na- 
ture of the normal heme-globin interactions, 


SUMMARY 


A familial human hemoglobin variant is de- 


scribed which caused markedly diminished oxygen 


saturation of the blood in the presence of normal 
arterial oxygen tensions. The shift of the entire 
oxyhemoglobin dissociation curve was due to an 
abnormally low oxygen affinity of the hemoglobin. 
The oxygen equilibria of the pigment in buffer 
solutions revealed a Bohr effect of normal mag- 
nitude but probably no heme-heme interactions. 
The absorption spectra of its oxy and reduced 
form in the visible and ultraviolet spectral region 
were those of normal hemoglobin. The alkaline 
and acid methemoglobin showed spectral abnor- 
malities. On starch block electrophoresis, the 
methemoglobin form of the pigment migrated 
The low- 
ered oxygen affinity is attributed to molecular 
aberrations in the globin which interfere with 
normal heme-globin interactions. 


more slowly than methemoglobin A. 
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THE INCORPORATION OF COPPER INTO CERULOPLASMIN 
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The fact that absence or deficiency of the plasma 
copper-protein, ceruloplasmin, is almost always 
associated with the excessive deposits of tissue 
copper which characterize Wilson’s disease has 
suggested that ceruloplasmin regulates copper 
absorption or excretion (1). Based on the in 
vitro demonstration of reversible dissociation of 
copper from ceruloplasmin, a hypothesis was 
proposed of how such regulation could be effected 
(2). This stated that if reversible dissociation of 
copper from ceruloplasmin occurred in the intes- 
tinal wall in vivo, a concentration of copper ions 
would result which could oppose the net transfer 
of copper ions from the intestinal lumen into the 
blood. The three experiments reported in this 
paper were designed to determine whether ex- 
change of ceruloplasmin copper for ionic copper, 
which is equivalent to reversible dissociation of 
ceruloplasmin copper, takes place in vivo. 

In the first experiment, exchange of cerulo- 
plasmin copper was looked for in patients with 
Wilson's disease in whom virtually no synthesis 
of the protein was occurring. The interpretation 
of this experiment required knowledge of whether 
the catabolism of ceruloplasmin was detectably 
different in a normal individual from its catabo- 
lism in patients with Wilson’s disease. A com- 
parison of the half-life of ceruloplasmin, as one 
measure of its catabolism, was made in these two 
types of individuals in the second experiment. In 
the third experiment, the incorporation of ionic 
copper into ceruloplasmin was studied in an indi- 
vidual with normal copper metabolism in such a 


* Presented in part at the Eastern Section Meeting of 
the American Federation for Clinical Research, January 


6, 1961, Bethesda, Md. This work was supported in 
part by grants from the National Institute of Arthritis 
and Metabolic Diseases of the United States Public 
Health Service (A-1059), and the Life Insurance Medi- 
cal Research Fund (G-60-54). 


way that incorporation occurring during synthe- 
sis of ceruloplasmin could be differentiated from 
that resulting from copper exchange. 

All of our results were compatible with the 
conclusions that copper entered the ceruloplasmin 
molecule only at the time of synthesis, and that 
exchange of ceruloplasmin copper with ionic 
copper did not occur im vivo, Since it was a 
corollary of these conclusions that a given copper 
atom was a label which remained on a cerulo- 
plasmin molecule throughout its life span, we 
were able to calculate the rate of turnover of 
ceruloplasmin, and its copper, in an individual 
with normal copper metabolism. 


EXPERIMENTAL 


Materials and methods 


Ceruloplasmin. Two solutions (CH-157 and CH-240), 
which contained 2.9 and 2.1 g of purified human ceru- 
loplasmin per 100 ml, respectively, were obtained from 
the Ortho Research Foundation, Raritan, N. J... Both 
preparations were sterile, nontoxic, nonpyrogenic and 
their intravenous administration to human beings pro- 
duced no ill effects. 

Copper’. Sterile solutions of cupric” acetate were ob- 
tained from Abbott Laboratories, Oak Ridge, Tenn. The 
half-life of this isotope is 12.8 hours (3). 

Copper™. Copper” was produced in the 60-inch cyclo- 
tron of the Brookhaven National Laboratory by the ifol- 
lowing (a, p) reaction: Ni* + Cu" +H’. Since 
there is only 1 per cent of Ni* in naturally occurring 
nickel, material enriched to 96 per cent Ni* was obtained 
from the Isotope Division of the Oak Ridge National 


1 Through the cooperation of Sam T. Gibson, Director, 
American National Red Cross Blood Program, and 
James A. McComb, John M. Newell and Lewis H. Lar- 
sen of the Biologic Laboratories, Department of Public 
Health of the Commonwealth of Massachusetts, we ob- 
tained Cohn fraction I1V-1 from human plasma. Cerulo- 
plasmin was prepared from fraction I1V-1 under the di- 
rection of H. O. Singher of the Ortho Research Founda- 
tion, Raritan, N. J. 
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TABLE I 


Ceruloplasmin 
(CH-240) 


0.85% 
NaCl acid 


Cuf- 
nitrate* 


Ascorbic 
Final pH 


mg ml g 
23 7 6.18 
2.0 2 6.45 


* This solution contained 31 yg copper/ml with a specific activity of 1.21 yc/ug. 


Laboratory and used as the target. Although enriched 
nickel” was relatively expensive, it could be recovered 
with a yield of about 98 per cent and reused. 

To prepare approximately 1 to 2 mc of copper”, 60 mg 
of the nickel* was electroplated as metal onto gold foil 
that had been silver-soldered to a copper target holder. 
(The area covered by the nickel was roughly 4 xX *% 
inch. It varied in thickness from 0.007 to 0.010 
inch, which was sufficient to absorb the entire alpha 
beam.) The target assembly was mounted on a water- 
cooled probe that was inserted into the vacuum chamber 
of the cyclotron, and the nickel* target was bombarded 
by the internal beam of 40 Mev alpha particles. At the 
current of 50 to 60 wa which resulted, bombardments of 
10 to 12 hours were required. For example, 1.4 mc was 
produced in a 500 wa-hour bombardment, which corre- 
sponded to a thick-target yield of 2.8 wc per wa-hour. 

The target was removed from the cyclotron and the 
gold foil was separated from the target holder by melt- 
ing the silver solder. The bombarded nickel was dis- 
solved in a few drops of nitric acid. After addition of 
0.5 mg of copper carrier, hold-back carriers of indium, 
cadmium and cobalt, and 2 or 3 drops of concentrated 
sulfuric acid, the copper was electroplated at 80° C for 
30 minutes onto a platinum electrode. The copper was 
dissolved from the platinum with nitric acid and was 
used without sterilization. The processing yield was 
estimated to be at least 95 per cent. The only radio- 
contaminant present in significant amount was copper™, 
which constituted initially about 7 per cent of the total 
radioactivity. 

Nitric acid was removed from the solution which re- 
mained after the electroplating of copper by evaporation 
to fumes of sulfur trioxide. The residue was diluted 
with water, made alkaline with concentrated ammonia, 
and the nickel* was recovered by electroplating. 

The half-life of copper” was determined to be 61.8 + 0.8 
hours. To our knowledge the experiments reported 
in this paper represent the first use of this isotope in 
biological research. 


Radioactive labeling of ceruloplasmin copper 


1. Method A. To a solution of purified ceruloplasmin 
in physiological saline, ascorbic acid and then copper” 
nitrate were added. After standing at room temperature 
for 1.5 hours, approximately 35 per cent of the copper” 
was found to have been incorporated into the cerulo- 
plasmin of each solution by exchange. The amounts of 


material used for the two preparations are given in 
Table I. 

2. Method B. Two male volunteers, aged 50 and 64, 
received 1.0 mg of ethinyl estradiol (Estinyl) daily for 
5 days in order to elevate their plasma concentrations 
of ceruloplasmin (4, 5). By intravenous injection they 
were then given, respectively, 3.45 and 4.77 mg of Cu”, 
with a specific activity of 105 wc per mg, as cupric” ni- 
trate.2. Forty hours later a phlebotomy was performed 
on each volunteer yielding, in a total of 450 ml of plasma, 
286 mg of labeled ceruloplasmin. This contained 88 yg 
of ceruloplasmin-bound Cu", and only 1.3 wg of nonceru- 
loplasmin Cu". Thus, this material was of much greater 
value in studying ceruloplasmin metabolism in a control 
subject than ceruloplasmin labeled by Method A which 
always contained a large amount of nonceruloplasmin 
copper”. Although the incidental administration of the 
latter was unimportant in the experiment in the 2 pa- 
tients with Wilson’s disease, who cannot synthesize 
ceruloplasmin, nonceruloplasmin copper would have en- 
tered newly synthesized ceruloplasmin in control sub- 
jects in vivo and made Experiment II impossible. 

Ouantitative determination of ceruloplasmin. Cerulo- 
plasmin concentrations in serum were measured by de- 
termining the oxidase activity of serum toward para- 
phenylenediamine (2). 

Quantitative determination of radioactive copper“ and 
copper”. Four-ml aliquots of serum, or smaller ali- 
quots brought to 4 ml by addition of normal saline, were 
counted in a Nuclear-Chicago DS5-5 well-type scintil- 
lation counter by means of a 161A scaler. Discrimina- 
tion between the 0.184 Mev gamma rays of Cu” (3) and 
the 0.51 Mev annihilation gamma rays (6) of Cu* was 
effected by inclusion of a Nuclear-Chicago 1810 radia- 
tion analyzer in the circuit. Correction for background 
and physical decay yielded net corrected counts per min- 
ute per milliliter of serum due to each isotope. 

Separation of nonceruloplasmin copper. In order to 
determine the proportion of the radioisotopic copper in 
serum bound to ceruloplasmin in Experiments I and III, 
the nonceruloplasmin copper in the serum was made to 
react with sodium diethyldithiocarbamate (DTC) and 


2In order to keep the copper in solution, each dose of 
Cu” was dissolved in a mixture of 60 ml Amigen (5 per 
cent enzymic casein hydrolysate and 5 per cent dextrose, 
in water) and 0.5 ml of 7.5 per cent sodium bicarbonate. 
The solutions were clear, blue, and had a pH of 5.2. 


Neither produced any untoward reaction when infused. 


Labeling of ceruloplasmin with copper®™ by Method A 
I GS. 63.0 1.32 240 
DS. 63.0 1.32 340 
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Fic. 1. HALF-LIFE OF COPPER™-LABELED 


CPM/ 
min/nl. mi. 
0.2000, 


°-Oxidase Activity 


50 100 150 200 250 300 
HOURS 


CERULOPLASMIN OBTAINED FROM THE RATES OF DISAPPEARANCE OF 


OXIDASE ACTIVITY AND RADIOACTIVITY OF SERUM IN TWO ACERULOPLASMINEMIC PATIENTS WITH WILson’s DIS- 


EASE, G.G. (LEFT) AND D.S. (RIGHT). 


the colloidal Cu-DTC complex was adsorbed on a col- 
umn of activated charcoal, as follows. After dilution 
of 3 ml of serum with an equal volume of normal saline, 
0.6 ml of a 0.1 per cent solution of DTC in saline was 
added. The mixture was passed through a column of 
100 mg of activated charcoal (Norit-A). The 4 ml of 
effluent which followed the 1.5 ml fore-run had the same 
concentration of ceruloplasmin as that contained in the 
6.6 ml of solution passed over the column, and contained 
neither free copper nor free DTC. 
RESULTS 
Experiment I. We infused 1.32 g of cerulo- 
plasmin, labeled by Method A with copper*’, into 
-ach of two patients with Wilson's disease without 
serum ceruloplasmin. There were no untoward 
effects on pulse, respiration, blood pressure, or 
venous clotting and prothrombin times. Serial 
measurements of the serum concentration of the 


TABLE 


protein were obtained both by 7) determining the 
oxidase activity of the serum toward paraphenyl- 
enediamine and 2) counting the radioactivity 
of the serum. The latter was approximately 
equivalent to determining copper® cerulo- 
plasmin since, beyond 24 hours after infusion, less 
than 10 per cent of copper®’ in serum was non- 
ceruloplasmin copper®’. The results are given in 
Figure 1. The values for the half-life of cerulo- 
plasmin given in the figure and in Table II were 
calculated independently from the results of both 
the enzymatic and radioactive measurements by 
the method of least squares. The volumes of dis- 
tribution of the infused protein (Table II) were 
obtained by dividing the amounts administered by 
the serum concentration of ceruloplasmin at zero 


time determined by extrapolation. 


II 


Volumes of distribution, half-lives and daily turnover rate of ceruloplasmin and ceruloplasmin copper 


Volume 
of distri- 
Subj. bution 


G.G. (Wilson’s 3 
disease ) 


D.S. (Wilson's 3.41 
disease ) 


II J.M. (control) 3.97 


* Calculated from radioactivity measurements. 
+ Immediately after infusion. 


Oxidase 
activity 
half-life 


L days 


7 4.16 


4.80 


Daily 
turnover 
rate of 
cerulo- 
plasmin 
copper 


Radio- 
activity 
half-life 


Daily turnover rate of 
ceruloplasmin* 


days mg 


4.39 15.7 0.704 


176.9t 0.601 


141.9 0.483 


: 
1836 
CPM/ 
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0.2000} 2000! 
01000} 1 
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Experiment IJ. Into a normal male volunteer, 
aged 22, 450 ml of plasma containing 286 mg of 
copper®’-labeled ceruloplasmin (Method B) was 
intused. The concentration of the copper®*-labeled 
ceruloplasmin was measured daily by determining 
the radioactivity of whole serum, and these re- 
sults were used to calculate the half-life of cerulo- 
plasmin and its volume of distribution (Figure 2 
and Table II). In contrast to the previous ex- 
periment, we could not also calculate these values 
from measurements of oxidase activity, since the 
oxidase activity of the infused, labeled ceruloplas- 
min could not be distinguished from that of the 
subject’s own ceruloplasmin which was continu- 
ally being synthesized. 

Experiment III, A 39 year old female with 
Huntington’s chorea and no detectable abnormality 
of copper metabolism was given 2 mg of copper"* 
orally, as cupric™’ acetate, on three different and 
widely separated occasions. 1) The first dose 
was administered when the patient’s ceruloplasmin 
concentration was at a normal value, 26.7 mg per 
100 ml of serum. 2) The second was given 5 days 
after she had received, for 15 days, 1 mg ethinyl 
estradiol daily. The estrogen served to increase 
the rate of synthesis of ceruloplasmin and to raise 
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@-Cu 


Half-Life 5.40 days 


100;—- 
24 48 72 96 120 144 168 
HOURS 
Fic. 2. HALF-LIFE OF COPPER™-LABELED CERULOPLASMIN 


OBTAINED FROM THE RATE OF DISAPPEARANCE OF THE RA- 
DIOACTIVITY OF SERUM IN A CONTROL suBJECT (J.M.). 


its serum concentration from 29.2 to 51.9 mg per 
100 ml (4, 5). 3) The third administration of 
copper" occurred 1 day after she had received an 
infusion of 1.39 g of purified human ceruloplasmin 
(CH-157). The infusion did not, of course, in- 
crease the rate of synthesis of ceruloplasmin, but 
did raise its serum concentration from 25.5 to 
74.1 mg per 100 ml. The concentration of serum 
copper" and its proportion in ceruloplasmin were 
measured at intervals (Figure 3) after each dose 
of copper”. 


x * FESTROGEN R, 
CERULOPLASMIN : 


51.9 mg 7100 mi 


@ CONTROL, 
CERULOPLASMIN: 


26.7 mg 4100mi 


O CERULOPLASMIN 
CERULOPLASMIN: 


74.1 mg 7100 mi 


i 


Fic. 3. 


20 
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INCORPORATION OF COPPER™ INTO CERULOPLASMIN IN A CONTROL SUBJECT (P.N.) 

UNDER THREE DIFFERENT EXPERIMENTAL CONDITIONS. 
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DISCUSSION 


Experiment I indicated that in vivo exchange 
of ceruloplasmin copper did not occur in either of 
two patients with Wilson’s disease. Entire ceru- 
loplasmin molecules disappeared at a rate not sig- 
nificantly different from that at which cerulo- 
plasmin-copper® disappeared from the plasma.* 
The latter rate should have exceeded the former 
if exchange had occured between ceruloplasmin- 
copper® and the “cold” copper of the body. 

It is, of course, conceivable that the cerulo- 
plasmin which we infused could have been al- 
tered during fractionation, in which case the 
absence of exchange might only imply that this 
ceruloplasmin had lost its physiological integrity. 


Yet by every other property which was measured’ 


the ceruloplasmin seemed undenatured : its labile 
blue color (7), its tight copper-binding, its elec- 
trophoretic mobility (7), its lack of antigenicity 
in human beings,* and its oxidase activity (10) 
were virtually identical with these properties of 
ceruloplasmin in whole plasma or serum, Never- 
theless, this experiment did not provide evidence 
that exchange might not have occurred in normal 
individuals, since the metabolism of ceruloplasmin 
may differ in the two groups. Consequently, we 
performed Experiment II in order to compare the 
half-life of ceruloplasmin, as measured in these 
patients with Wilson's disease, with the half-life 
in a normal individual. The half-life of copper*’- 
labeled ceruloplasmin did not differ significantly 
in a simultaneous test of the values determined in 
the two patients and in the control subject... By 
this criterion, therefore, ceruloplasmin did not 

3 For each patient the differences between the log (oxi- 
dase activity) and log (radioactivity) at each sampling 
time were plotted against time, the slope of the resulting 
line being designated as b. Then |b —0!/SE,= |t| was 
calculated, for the indicated degrees of freedom, and 
found to be t,.= 0.785 for G.G. and 1.2104 for D.S. 
In both cases a ¢ as great, or greater, might have been 
found, by chance alone, more than 50 per cent of the time. 

4 Insofar as this is indicated by the constancy of the 
determined half-life and the lack of any clinical reaction 
incident to repeated infusions of purified ceruloplasmin in 
G.G. and D.S. over the past 4 years (8, 9). 

5 An analysis of covariance (11) was used to test the 
hypothesis that these three values for the half-life did 
not differ significantly. An F of 3.129, with 2 and 23 
degrees of freedom, was obtained which could occur by 
chance alone more than 5 per cent of the time. 


seem to be metabolized at a different rate in the 
patients than in the control subject. 

Rather similar values for the half-life of ceru- 
loplasmin in patients with Wilson’s disease and 


in control individuals, whether determined in 
studies with purified ceruloplasmin or with whole 
blood, have also been found previously. Thus we 
have reported the half-life of ceruloplasmin to be 
3.2 to 4.7 days after the infusion of whole blood 
(8), and 5.6 to 7.2 days after administration of 
unlabeled purified human ceruloplasmin (9), in 
patients with Wilson's disease. Gitlin and Hughes 
|quoted in (12)], using I**'-labeled purified hu- 
man ceruloplasmin, found half-lives of 5 to 7 days 
in five chronically ill subjects without Wilson’s 
disease.’ Half-lives of fibrinogen (13, 14), the 
y-globulins (12), and albumin (15) have also been 
compared in subjects with hereditary deficiency of 
the protein and in control subjects. The results 
do not consistently indicate either similar or dif- 
ferent half-lives for these proteins in the two kinds 
of individuals. 

Finally, Experiment IIT confirmed that in vivo 
exchange did not occur in an individual without 
an apparent abnormality of copper metabolism. 
When P.N.’s rate of synthesis of ceruloplasmin 
was approximately doubled by the administration 
of estrogen (Study B), about twice as much 
copper®* was incorporated into the protein as in 
control Study A. However, when an even higher 
serum concentration of ceruloplasmin was achieved 
passively, that is, by infusion (Study C), the in- 
corporation of copper®* into ceruloplasmin was 
essentially the same as that which occurred in 
Study A, indicating that exchange was not oc- 
curring. 

Our inability to demonstrate exchange of ceru- 


6 Differences in the values of half-lives may reflect the 
manner in which they are calculated. Thus, our values 
in Experiments I and II are calculated from all of the 
points determined after the first 24 hours. If, however, 
we assume that 3 days is required for equilibration of 
infused ceruloplasmin between plasma and extravascular 
compartments, the results are somewhat different. For 
example, the latter assumption yields 4.80, 5.97 and 6.36 
days for the three values which were given in Table II 
as 4.39, 5.15 and 5.40 days, respectively. For the pur- 
poses of the present paper, the important point is that 
all values of a half-life which are to be compared should 
be calculated from measurements made after the same 
period of equilibration. 
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loplasmin copper for ionic copper in any of these 
experiments is strong evidence that reversible 
dissociation of copper from ceruloplasmin does 
not occur in vivo. Since the hypothesis which 
two of us have advanced [I.H.S. and A.G.M (2) ] 
and which was briefly outlined above, was pre- 
dicated on the assumption that such dissociation 
does occur, this hypothesis is not likely to be true. 

If, however, a copper atom labels a cerulo- 
plasmin molecule throughout its lifetime we can 
use our results to calculate the volume of distri- 
bution and turnover of ceruloplasmin. The val- 
ues for volume of distribution are remarkably 
similar in all three subjects (Table II). The 
percentage turnover of ceruloplasmin and of cerulo- 
plasmin copper was calculated in all three sub- 
jects from the standard equation (16) (Table IT), 
and the fact that the copper content of the protein 
is 0.34 per cent (7). The value of 142 mg for 
the daily turnover of ceruloplasmin in the control 
subject, J.M., corresponds to 0.5 mg of copper 
incorporated into ceruloplasmin daily. This must 
be close to the amount of copper which is absorbed 
from the 2 to 5 mg of copper ingested in the diet 
(17). Thus it seems that much of the absorbed 
dietary copper in a normal individual may ulti- 
mately be bound to a ceruloplasmin molecule of 
151,000 mol wt. Such bound copper should be 
confined largely to the vascular compartment, and 
the volume of distribution of 3.97 L found in J.M. 
indicates that it is. 

Despite the apparent congruence of the amount 
of copper absorbed and that which is used daily 
for the synthesis of ceruloplasmin, our results do 
not greatly clarify the physiological role of cerulo- 
plasmin and its relationship to Wilson’s disease. 
They yield no information, and little additional 
data are available, about: 7) the period which 
elapses between absorption of dietary copper and 
its quantitative incorporation into ceruloplasmin ; 
2) the fate of copper during this time; and 3) 
whether, and where, ceruloplasmin copper is ex- 
creted. Nor do they elucidate the significance of 
patients with Wilson’s disease who have normal 
serum concentrations of ceruloplasmin, or of 
healthy heterozygous carriers of the disease who 
have abnormally low serum concentrations of this 
protein (1, 18). Furthermore, the physiological 
significance of the in vitro demonstrations of the 
reversible dissociation of ceruloplasmin copper (2, 
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19), of the oxidase activity of ceruloplasmin (1) 
and of its heterogeneity (20) is also obscure. 
These questions require further investigation. 


SUMMARY 


1. The hypothesis that ceruloplasmin exchanges 
its copper for ionic copper in vivo was tested, by 
means of ceruloplasmin labeled with copper®* and 
copper®’, in two patients with Wilson's disease 
and in two control subjects. 

2. No indication of exchange was found in any 
of three different experiments. It appears that 
copper is incorporated into the ceruloplasmin mole- 
cule in vivo only at the time of synthesis of the 
protein and not through exchange. 

3. A corollary of these results is that copper 
is a lifelong label of a ceruloplasmin molecule so 
that radioactive copper may be used for the de- 
termination of the turnover of ceruloplasmin and 
ceruloplasmin copper. 

4. The amount of copper incorporated daily 
into ceruloplasmin in a control subject corresponds 
closely to the amount of copper absorbed from the 
dietary intake. 
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LOW LEUKOCYTE PHOSPHORYLASE IN HEPATIC PHOSPHORYLASE-— 
DEFICIENT GLYCOGEN STORAGE DISEASE 


By HIBBARD E. WILLIAMS anp JAMES B. FIELD 


(From the Clinical Endocrinology Branch of the National Institute of Arthritis and Meta- 
bolic Diseases, National Institutes of Health, Bethesda, Md.) 


(Submitted for publication May 


Glycogen storage disease was first recognized as 
a clinical entity by Von Gierke in 1929 (1). Sub- 
sequently numerous clinical and biochemical stud- 
ies have indicated that this syndrome is composed 
of several distinct entities (2, 3). The present- 
day classification of glycogen storage disease into 
five subgroups is based on the clinical picture, and 
in some, on the demonstration of specific enzy- 
matic defects (4). The most common type of the 
disease (Von Gierke’s disease) results from the 
lack of glucose-6-phosphatase in the liver (5). 
The term Pompe’s disease is used to denote a 
group of children with generalized glycogen depo- 
sition, especially in the heart, who usually die be- 
fore 8 months of age of cardiac complications (6). 
The third type of the disease represents cases in 
which debranching enzyme has been low in the 
livers of the patients studied (7). In the fourth 
type, branching enzyme is thought to be deficient 
on the basis of abnormal glycogen structure (8), 
but no definite assay has been performed to con- 
firm this. Under the fifth subgroup, two separate 
syndromes have been described—patients with a 
progressive myopathy and absent muscle phos- 
phorylase (9, 10), and patients with hepatomegaly 
and low liver phosphorylase (11). 

In 1959 Hers (11) presented data on three pa- 
tients with glycogen storage disease who had low 
levels of liver phosphorylase, but normal levels of 
glucose-6-phosphatase and amylo-1,6-glucosidase ; 
Recently we 
have studied two brothers with glycogen storage 


muscle phosphorylase was normal. 


disease who were also found to have low liver 
phosphorylase but normal glycogen structure and 
glucose-6-phosphatase activity. The clinical data 
on these two patients will be presented in detail 
elsewhere (12). 

In view of the observation that leukocyte gly- 
cogen is elevated in glycogen storage disease (13) 
and the desirability of establishing the nature of 
the enzymatic defect without resorting to liver bi- 
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opsy, methods were devised to measure the ac- 
tivities of leukocyte phosphorylase and glucose-6- 
phosphatase. These were then applied to the above 
two patients, their relatives and a group of control 
subjects. The results of this study form the basis 
of this report. 


MATERIALS AND METHODS 


The two patients studied were 
brothers, aged 7 and 9, who had enlarged livers, with 
increased glycogen content but normal glycogen struc- 
ture and glucose-6-phosphatase activity. Fasting blood 
sugars were somewhat low but the hyperglycemic re- 
sponse to epinephrine and glucagon was adequate in both. 


I. Biochemical studies. 


Muscle glycogen was normal. Liver phosphorylase was 
found to be low in both patients when assayed on speci- 
mens obtained by open liver biopsy.t. The remaining 
family members included the father, aged 38, mother, 
aged 37, brother, aged 12, and sister, aged 11. In none 
of them was there a history of liver disease nor was 
hepatomegaly found on examination. 

IT. Leukocyte studies. Twenty ml of blood was drawn 
by venipuncture from patients in the fasting state. 
White blood cells were obtained by the fibrinogen sedi- 
mentation technique (14) using 3 per cent bovine fibrino- 
gen in Krebs-Ringer bicarbonate buffer (pH 7.4). The 
total number of leukocytes was estimated in the super- 
natant after a 20-minute sedimentation. After centrifuga- 
tion of the supernatant at 755 G for 20 minutes, the but- 
ton of cells, which contained approximately a 1:1 ratio 
of leukocytes to erythrocytes, was suspended in 1 ml 
of NaF (0.1 M). After homogenization by ultrasonica- 
tion (10 kc) for 2 minutes, phosphorylase activity was 
determined by the method of Sutherland (15). Three- 
tenths ml of the sonicate was added to tubes containing 
0.1 ml of 0.02 M adenosine-5'-phosphate and 0.1 ml water. 
At zero time, 1 ml of a glucose-l-phosphate solution 
(0.05 M, pH 6.1) containing 5.7 mg glycogen per ml and 
NaF (0.05 M) was added. Immediately, a 0.5 ml ali- 
quot was added to 2 ml of 10 per cent trichloroacetic 
acid, and inorganic phosphorus was determined by the 
method of Fiske and Subbarow (16). The tubes were 
then incubated for 30 minutes at 37° C in a Dubnoff 


1We are indebted to Dr. Barbara Illingworth Brown, 
Washington University of St. Louis, for performing the 
studies on the liver biopsy specimens. 
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TABLE I 


Leukocyte phosphorylase and glycogen levels in patients with glycogen storage disease and their family 


Patient Relation 


Condition 


Glycogen Phosphorylase 


Father 
Mother 


Jo.S.A. 
Normal (20)T 


t Number of control subjects. 
Standard error. 


metabolic shaker. At the end of incubation another 0.5 
ml aliquot was removed for inorganic phosphorus de- 
termination. Appropriate blanks without glucose-1- 
phosphate and without sonicate were included in each ex- 
periment. Results were expressed as micrograms of 
inorganic phosphorus liberated per 10° leukocytes per 
30-minute incubation. 

Glycogen was determined by the method of Carroll, 
Longley and Roe (17) on the leukocyte button suspended 
in 3 ml of 5 per cent trichloroacetic acid. After sonica- 
tion for 2 minutes the solution was filtered through acid- 
washed filter paper. To 1 ml of this filtrate was added 
5 ml of 99 per cent ethanol, and glycogen precipitation 
was allowed to occur overnight at room temperature. 
The precipitate was centrifuged at 1,475 G for 10 minutes 
and the supernatant carefully decanted. The pellet was 


Normal 
Normal 
Normal 
Affected 
Affected 


ug P liberated/10° WBC 
$3.2 
10:2* 
33.6 
35.4 
29.2 
34.3 + 29.6 + 1.2f 


ue leukocytes 


of glycogen per 10° leukocytes. Glucose-6-phosphatase 
was determined in sonicated leukocytes, using the method 
of Swanson (18). 

The activation of phosphorylase by glucagon was stud- 
ied by the method of Sutherland and Cori (19). The 
leukocyte-rich supernatant solution obtained from sedi- 
mentation with 3 per cent fibrinogen (usually about 20 
ml) was preincubated in 50-ml siliconized flasks in an 
atmsophere of 95 per cent O, and 5 per cent CO, for 30 
minutes in a Dubnoff metabolic shaker at 37° C. At the 
end of this incubation 0.1 mmole of glucagon was added 
to the appropriate flasks and incubation continued for 
Equal amounts of buffer without 
glucagon were added to appropriate flasks which served 
as controls. Phosphorylase activity of the leukocytes 
was then determined as described above. 


another 30 minutes. 


3ovine fibrinogen was obtained from Armour Phar- 
purchased from 


dissolved in 2 ml of water and glycogen was determined 


with anthrone. Results were expressed as micrograms maceutical Company. Glycogen was 


TABLE I 


Leukocyte phosphorylase activity in control subjects 


Leukocyte phospho- 
Sex Condition rylase activity 


ue P liberated/ 10° WBC 


Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 
Malignant insulinoma 
Leukoencephalopathy 
Thyrotoxicosis 
Thyrotoxicosis 
Hurler’s syndrome 
Hurler’s syndrome 
Hurler’s syndrome 
Galactosemia 
Mongolism and hypothyroidism 
Von Gierke’s disease 
Adenocarcinoma thyroid 


* Standard error. 
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A.A. 37 
Ja.A. 12 Son 
10 Son 
7 Son 
poe * Average of four separate determinations. wy 
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PD. 17 30.8 
E.M. 18 20.6 
K.S. 20 32.5 
P.M. 18 28.8 
H.W. 28 31.0 
S.H. 10 22.4 
H.K. 35 37.4 
C.M. 7 39.4 
oon AF. 26 27.6 
P.T. 9 416 
S.M. 3 28.4 
C.M. 8 29.9 
ene B.M. 6 F 23.8 
L.B. 11 M 29.8 
19 21.8 
D.D. 1 31.1 
H.S. i4 30.6 
Mean 29.6 + 1.2* 
She 4 
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Nutritional Biochemicals Corporation and was reprecipi- 
tated twice from water with 99 per cent ethanol before 
use. Glucose-l-phosphate as the dipotassium salt was 
obtained from Schwarz Bioresearch, Inc. and adenosine- 
5'-phosphate as the sodium salt from Sigma Chemical 
Company. Glucose-6-phosphate was purchased from 
Nutritional Biochemicals Corporation as the barium salt. 
Glucagon was obtained from Eli Lilly and Company. 


RESULTS 


I. Glycogen storage disease. The levels of leuko- 
cyte phosphorylase activity in the family studied 
are summarized in Table I. Both Jo.S.A. and 
k.A. have levels below 10 yg per 10° leukocytes. 
While the mother’s level is midway between the 
lower limit of normal and that of the two patients, 
it was also lower than any of the control patients 
studied, The father and unaffected brother have 
normal levels of leukocyte phosphorylase, De- 
spite these low levels of leukocyte phosphorylase 
in the affected members of the family, the glycogen 
content of the leukocytes was not elevated, as was 
liver glycogen. Sidbury, Cornblath, Fisher and 
House (20) have recently reported elevated eryth- 
rocyte glycogen in patients with debranching en- 
zyme deficiency but normal levels in other types 
of glycogen storage disease. However, their series 
did not include patients with low hepatic phos- 
phorylase. 

II. Normal values. Leukocyte phosphorylase 
levels were determined in 20 patients and normal 
subjects, a total of 27 determinations being made 
(Table I1). The mean level was 29.6 yg inor- 
ganic phosphorus liberated per 10° leukocytes with 
a standard error of + 1.2 pg and a range of 20.6 
to 41.6 pg. The youngest patient tested, a 1 year 
old female child (D.D.) with clinical Von Gierke’s 
disease,” had a level of activity near the mean for 
the group; the values in the other children tested 
were indistinguishable from those found in adults. 
One of the control subjects, P.M., was studied on 
4 different days and the level of leukocyte phos- 
phorylase varied between 25.4 and 31.7 yg. 

Wagner has reported that most of the glycogen 
in leukocytes resides in the polymorphonuclear 
types (13). The clear-cut difference between the 
patients with glycogen storage disease and the 
controls remained when the phosphorylase levels 
were corrected for percentage of polymorphonu- 


2 Enzyme studies on the liver from this patient were 
not available at the time of writing. 
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TABLE III 


In vitro effect of glucagon on leukocyte phosphorylase 


Leukocyte phosphorylase 


Control level After glucagon 


Patient 
ue P/10° WBC 
A.A. af 11. 
Jo.S.A. 2.3 
R.A. 0 
29.1 + 


Controls* 


40.5 + 6.5 


* Average of 5 separate determinations. 
t Standard error; the mean stimulatory effect of glucagon 
is significant (p <0.05). 


clear leukocytes present in the fibrinogen super- 
natant. Since there was a 1:1 contamination of 
leukocytes with erythrocytes in the supernatant, 
phosphorylase activity of the erythrocyte was 
measured. No phosphorylase activity was detected 
in the erythrocytes, using approximately 1,000 
times as many erythrocytes as the usual number of 
leukocytes in any one determination. Glucose-6- 
phosphatase activity was not demonstrable in 
leukocytes. 

In vitro addition of glucagon caused a 20 per 
cent (p < 0.05) stimulation of active phosphory- 
lase in normal leukocytes. When glucagon was 
added in vitro to leukocytes from R.A., Jo.S.A. 
and A.A. there was a slight stimulation of phos- 
phorylase activity in each, but in no case did the 
stimulated value approach the normal range ( Table 
III). (0.02 MM) 
had no significant effect on leukocyte phosphory- 
lase activity. 

When an aliquot of the sonicated leukocytes 
from R.A. was added to an equal volume of normal 
sonicated leukocytes, no inhibition of phosphory- 
lase activity in the normal leukocytes was noted. 


Adenosine-5’-monophosphate 


DISCUSSION 


The demonstration of abnormally low levels of 
phosphorylase in the leukocytes of two patients 
with glycogen storage disease of the hepatic phos- 
phorylase-deficient type indicates the usefulness 
of this type of study in establishing the diagnosis. 
The accessibility of these cells as contrasted with 
liver emphasized their advantage from a diagnos 
tic point of view. Unfortunately it was not pos- 
sible to study leukocyte phosphorylase in all the 
types of glycogen storage disease, although the 
level in a patient with the glucose-6-phosphatase- 
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deficient type was normal. It will be important 
to determine leukocyte phosphorylase levels in all 
the types before this test can be said to be en- 
tirely diagnostic of the hepatic phosphorylase- 
deficient type. Since there is no significant phos- 
phorylase activity in erythrocytes, contamination 
of leukocytes with small numbers of erythrocytes 
does not alter the results. In these two patients 
there was good correlation between the levels of 
liver phosphorylase determined in biopsy speci- 
mens and the values found in leukocytes ; i.e., liver 
phosphorylase in Jo.S.A. was estimated to be about 
one-third normal and in R.A., about one-sixth 
normal. Neither case had complete absence of 
phosphorylase and in this respect they are similar 
to the cases previously reported by Hers (11). 

A relationship between liver and_ leukocyte 
phosphorylase is also apparent from the observa- 
tion that in leukocytes from control subjects it 
was possible to activate phosphorylase by the 
in vitro addition of glucagon. This compound in- 
creases active phosphorylase in liver but has no 
effect on the muscle enzyme (21). The slight 
stimulation of leukocyte phosphorylase in the two 
patients and their mother does not permit a dif- 
ferentiation between a deficiency of the phosphory- 
lase activating system and a decrease in the total 
amount of inactive phosphorylase present. Con- 
version of inactive liver phosphorylase to the ac- 
tive form is stimulated by epinephrine and glucagon 
through an adenyl cyclase system which increases 
the amount of adenosine-3’,5’-(cyclic) monophos- 
phate (22). 
kinase system requiring ATP and Mg**, thereby 
converting inactive phosphorylase to the active 
form (23). Since leukocyte phosphorylase seems 
to respond to glucagon, this same system presum- 
ably should be operative in leukocytes, and low 
levels of the enzymes involved in this activating 
system might give decreased leukocyte phosphory- 
lase activity, as would a low level of inactive phos- 
phorylase. Nirenberg (24) has described a lack 
of beth total and inactive phosphorylase in as- 


cites tumor cells, where a normal activation sys- 


This in turn stimulates a specific 


tem exists. 

A defect in liver phosphorylase has only re- 
cently been described by Hers (11) in three pa- 
tients with glycogen storage disease. In these 
patients (one male, two females) liver phosphory- 
lase was found to be about one-seventh of normal, 
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while muscle phosphorylase was normal, as was 
glucose-6-phosphatase and amylo-1,6-glucosidase. 
Hers was unable to stimulate active phosphorylase 
in the liver of these patients by addition of ATP 
and Mg**, or adenosine-3’,5’-(cyclic) monophos- 
phate. Another condition involving phosphorylase 
has been described by Mommaerts and co-workers 
(9) and Schmid, Robbins and Traut (10) in a 
syndrome represented by a “progressive myop- 
athy” in which muscle phosphorylase was absent. 
Leukocyte phosphorylase has not been studied in 
patients with myopathy characterized by low 
muscle phosphorylase, but since leukocyte phos- 
phorylase appears to mimic the liver enzyme, nor- 
mal leukocyte phosphorylase levels would be ex- 
pected in this disease. 

The low level of leukocyte phosphorylase in 
these patients supports the theory that a specific 
phosphorylase-deficient type of glycogen storage 
disease exists as a distinct entity. The presence 
of a low leukocyte phosphorylase level in the 
mother suggests that the heterozygous state may 
be demonstrable in relatives of patients with this 
disease. However, the normal leukocyte phos- 
phorylase in the father is against an autosomal 
recessive type of inheritance, such as has been 
suggested for other forms of glycogen storage dis- 
vase (4). sex-linked type of inheritance is 
unlikely in that the three patients presented by 
Hers (11) were both male and female. Further 
study of families with this disease may help settle 
this problem. 

The recent studies of Leloir, Olavarria, Goldem- 
berg and Carminatti (25) have shown a uridine 
diphosphoglucose-linked system for glycogen syn- 
thesis which is now thought to be the major syn- 
thetic pathway for glycogen in the body. The 


presence of normal leukocyte glycogen with low 
leukocyte phosphorylase in these two patients is 
thought to be further proof that the pathways of 
glycogen synthesis and breakdown are separate. 


SUMMARY 


Phosphorylase activity in leukocytes has been 
measured and found to be low in two cases of 
glycogen storage disease of the hepatic phosphory- 
lase-deficient type. There was good correlation 
between the relative amounts of the enzyme in 
the liver and the leukocytes of these patients. 
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LEUKOCYTE 


The mother had levels intermediate between 
the patients and control subjects but the remainder 
of the family members had normal levels. Since 
leukocyte phosphorylase seemed to vary with 
hepatic phosphorylase and since leukocytes are 
easily obtainable, it is suggested that this may be 
used as a diagnostic test for this condition. The 
low level of leukocyte phosphorylase in the mother 
of the two patients suggests that this test may be 
useful in determining the heterozygote state in 
this condition. 


ACKNOWLEDGMENTS 


The patients presented in this report were studied 
through the courtesy and kindness of Dr. Paul di Sant’ 
Agnese. We would also like to acknowledge the kind 
help of Dr. Gerald F. Powell and Dr. William O. Jones 


who conducted the clinical studies. 
REFERENCES 


1. Von Gierke, E. Hepato-nephromegalia glykogenica 
(Glykogenspeicherkrankheit der Leber and Nieren). 
Beitr. path. Anat. 1929, 82, 497. 

. Recant, L. Recent developments in the field of gly- 
cogen metabolism and the disease of glycogen stor- 
age. Amer. J. Med. 1955, 19, 610. 

3. Stetten, D., Jr., and Stetten, M. R. Glycogen me- 
tabolism. Physiol. Rev. 1960, 40, 505. 

4. di Sant’ Agnese, P. A. Diseases of glycogen storage 
with special reference to the cardiac type of gen- 
eralized glycogenosis. Ann. N. Y. Acad. Sci. 1959, 
72, 439. 

. Cori, G. T. Glycogen structure and enzyme defi- 
ciencies in glycogen storage disease. Harvey 
Lect. 1952-53, 48, 145. 

6. Pompe, J. C. Over idiopatische hypertrophic van het 
hart. Ned. T. Geneesk. 1932, 76, 304. 

7. Illingworth, B., and Cori, G. T. Structure of glyco- 
gens and amylopectins III. Normal and abnormal 
human glycogen. J. biol. Chem. 1952, 199, 653. 

8. Andersen, D. H. Familial cirrhosis of the liver with 
storage of abnormal glycogen. Lab. Invest. 1956, 
5, 44. 

9. Mommaerts, W. F. H. M., Illingworth, B., Pearson, 
C. M., Guillory, R. J., and Seraydarin, K. A func- 
ational disorder of muscle asociated with the ab- 


to 


sence of phosphorylase. Proc. nat. Acad. Sci. 
(Wash.) 1959, 45, 791. 

10. Schmid, R., Robbins, P. W., and Traut, R. R. Gly- 
cogen synthesis in muscle lacking phosphorylase. 
Proc. nat. Acad. Sci. (Wash.) 1959, 45, 1236. 


PHOSPHORYLASE IN GLYCOGEN STORAGE DISEASE 


1845 


11. Hers, H. G. Etudes enzymatiques sur fragments 
hépatiques; application a la classification des gly- 
cogénoses. Rey. int. Hépat. 1959, 9, 35. 

12. di Sant’ Agnese, P. In preparation. 

13. Wagner, R. Glycogen content of isolated white blood 
cells in glycogen storage disease. Amer. J. Dis. 
Child. 1947, 73, 559. 

14. Skoog, W. A., and Beck, W. S. Studies on the 
fibrinogen, dextran and phytohemagglutinin meth- 
ods of isolating leukocytes. Blood 1956, 11, 436. 

15. Sutherland, E. W. Polysaccharide phosphorylase, 
liver in Methods in Enzymology, S. P. Colowick 
and N. O. Kaplan, Eds. New York, Academic 
Press, 1955, vol. I, p. 215. 

16. Fiske, C. H., and Subbarow, Y. 
determination of phosphorus. J. biol. Chem. 19235, 
66, 375. 

17. Carroll, N. V., Longley, R. W., and Roe, J. H: The 
determination of glycogen in liver and muscle by 
use of anthrone reagent. J. biol. Chem. 1956, 220, 
583. 

18. Swanson, M. A. Glucose-6-phosphatase from liver in 
Methods in Enzymology, S. P. Colowick and N. O. 
Kaplan, Eds. New York, Academic Press, 1955, 
vol. II, p. 541. 

19. Sutherland, E. W., and Cori, C. F. Effect of hyper- 
glycemic-glycogenolytic factor and epinephrine on 
liver phosphorylase. J. biol. Chem. 1951, 188, 

20. Sidbury, J. B., Jr., Cornblath, M., Fisher, J., and 
House, E. Glycogen in erythrocytes of patients 
with glycogen storage disease. Pediatrics 1961, 
27, 103. 

21. Sutherland E. W. Effect of epinephrine and hyper- 
glycemic factor on liver and muscle metabolism in 
vitro ti Phosphorus Metabolism, A Symposium, 

W. D. McElroy and B. Glass, Eds. Baltimore. 
Johns Hopkins Press, 1952, vol. II, p. 577. 

22. Sutherland, E. W., and Rall, T. W. The relation of 
adenosine-3’,5’-phosphate and phosphorylase to the 
actions of catecholamines and other hormones. 
Pharmacol. Rev. 1960, 12, 265. 

23. Rall, T. W., Sutherland, E. W., and Wosilait, W. D. 
The relationship of epinephrine and glucagon to 
liver phosphorylase III. Reactivation of liver 
phosphorylase in slices and in extracts. J. biol. 
Chem. 1956, 218, 483. 

24. Nirenberg, M. W. A biochemical characteristic of 
ascites tumor cells. J. biol. Chem. 1959, 234, 3088. 

25. Leloir, L. F., Olavarria, J. M., Goldemberg, S. H.., 
and Carminatti, H. Biosynthesis of glycogen from 
uridine diphosphate glucose. Arch. Biochem. 1959, 
81, 508. 


The colorimetric 


‘ 
‘ 
| 
| 
| 

4 


THE INCORPORATION OF PLASMA FREE FATTY ACIDS INTO 
PLASMA TRIGLYCERIDES IN MAN * 


By S. J. FRIEDBERG, R. F. KLEIN, D. L. TROUT, M. D. BOGDONOFF ano 
ESTES, Jz. 


(From the Central Reference Laboratory and Radioisotopes Unit, Veterans Administration Hos- 
pital, and Department of Medicine, Duke University Medical Center, 
Durham, N. C.) 


(Submitted for publication January 26, 1961; accepted June 8, 1961) 


Plasma triglycerides (neutral fat) may be di- 
vided into 7) that portion which is present during 
the fasting state and 2) that which, after ingestion 
of fat, is added to and temporarily augments the 
fasting level of triglycerides. 

The present investigation deals with the rela- 


tionship of plasma free fatty acids (plasma FFA) 
to fasting plasma triglycerides (plasma TG) in 
man. From these observations a quantitative as- 
sessment of the amount of plasma FFA converted 
to plasma TG will be presented. The data also 
permit calculations which suggest that plasma 
FFA may be the major source of fasting plasma 
TG. 


METHODS 


Two types of studies were carried out in male patients 
without known abnormalities of fat metabolism. 

1. Non-reinjection experiments. After an overnight 
fast of 15 hours, 9 subjects were given 0.004 to 0.008 mc 
albumin-bound palmitic acid-1-C’ intravenously either 
by single injection or by 2-hour constant infusion. Two 
individuals received 0.00585 mc of albumin-bound oleic 
acid-1-C™ and another 0.00597 mc of stearic acid-1-C™. 
During the day of the study the subjects were permitted 
no breakfast, a nonfat lunch, and an unrestricted supper. 
Venous blood samples were drawn at appropriate in- 
tervals over a period of 24 hours after administration 
of fatty acid C“ for determination of neutral fat activity. 
Two-ml aliquots of plasma were extracted by the method 
of Dole (1). Eight ml of the upper phase, representing 
1.85 ml of plasma, was transferred to a separate tube. 
Ten ml of 0.1 N NaOH in 50 per cent ethanol was added, 
according to the method of Borgstrém (2), in order to 
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irom the National Heart Institute, Public Health Service; 
a research grant, A-4535-MET, from the National In- 
stitutes of Health, Public Health Service; a research 
grant for July 1960-61, from the North Carolina Heart 
Association; and by the Regional Center for the Study 
of Aging, Duke University. 


remove fatty acids from the upper phase. The upper 
phase and its contents were then transferred quantitatively 
to liquid scintillator vials, dried with a stream of warm 
air from a hair dryer, and redissolved in 5 ml of phosphor 
solution for counting in a Packard Tri-Carb liquid scin- 
tillation spectrometer. Along with plasma glycerides, 
the extracts contained cholesterol, cholesterol esters and 
a small amount of phospholipid. These would also be 
expected to become labeled; therefore, it was necessary 
to determine the amount of activity in the various plasma 
lipids present in the extracts at various times after in- 
jection of C**-labeled fatty acids. This was done by 
means of silicic acid chromatography using the method 
of Hirsch and Ahrens (3) without modification. Plasma 
palmitic acid-1-C™ activity was measured as previously 
described (4). 

The experimental plan required a method which would 
permit easy and reproducible determinations on a large 
number of samples. The method selected for measuring 
plasma TG activity described in the preceding para- 
graph is based on the facts that: 1) the label in the ex- 
tracts appeared almost exclusively in TG in the early 
hours of the procedure, and 2) negligible activity was 
present in cholesterol, cholesterol esters and phospho- 
lipid until at least 4 hours had elapsed. Furthermore, 
although significant activity appeared in phospholipids, 
only a small fraction of this phospholipid activity was 
present in the upper phase extracts, and activity in free 
cholesterol was minimal. The data justifying the 
method appear below. 

Total plasma triglycerides were determined by the 
method of Van Handel and Zilversmit (5), plasma FFA 
by the method of Dole (1) and esters of carboxylic acids 
by the method of Rapport and Alonzo (6). Free cho- 
lesterol was precipitated as the digitonide and redissolved 
in methanol for liquid scintillation counting. Samples 
of expired air were analyzed for C™“O, activity by trap- 
ping in Hyamine hydroxide according to the method of 
Fredrickson and Ono (7). 

2. Reinjection experiments. In order to establish with 
greater certainty the validity of using the rate of disap- 
pearance of TG label observed during non-reinjection ex- 
periments to measure fasting plasma TG turnover rate, 
a patient, terminally ill with degenerative cerebellar dis- 
ease, was given 30 yc palmitic acid-1-C* intravenously. 
Blood samples were drawn at intervals for determination 
of triglyceride activity. One hour after injection of the 
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Fic. 1. PLASMA TRIGLYCERIDE ACTIVITY AFTER INTRA- 
VENOUS INJECTION OF C™-pALMITATE. Triglyceride ac- 
tivity represented by ascending limb and initial straight 
downslope only (see text). 


radiopalmitate, 400 ml of blood was withdrawn and 
analyzed for TG and FFA activity. The blood was col- 
lected in a standard evacuated blood donor set con- 
taining acid citrate dextrose solution as anticoagulant 
and stored at 4° C. There is no evidence that this pro- 
cedure does or does not denature or alter lipoproteins. 
A known quantity of plasma obtained from this blood 
was reinjected into another subject several days later. 
This study was repeated using another subject who 
served both as donor and as recipient. Plasma neutral 
fat activity was determined in both donors and recipients 
as described in the preceding section. 


FREE FATTY ACIDS INTO PLASMA TRIGLYCERIDES 


1847 


RESULTS 
I. Non-reinjection experiments 


A, Triglyceride activity.'. The results in nine 
normal persons are presented in graphs in which 
the logarithm of activity is plotted against time 
(Figure 1). After rapid intravenous administra- 
tion of albumin-bound palmitic acid-1-C'*, there 
was a delay of about 10 to 15 minutes before ac- 
tivity began to appear. After the initial delay just 
described, activity rose rapidly and reached a peak 
in 2 to 4 hours, a time when FFA activity was very 
small. In the constant infusion experiments, a 
longer time was required to reach peak activity; 
otherwise these were not different from the single 
injection experiments (see Table I). (The pur- 
pose of the constant infusion studies was to sim- 
plify the kinetic problem by attempting to produce 
a situation in which the specific activity of TG in- 
flux into plasma was constant. This was later 
found to be both unnecessary and impractical.) 
Thereafter activity declined relatively rapidly at 
first and then more slowly over the 24 hour pe- 
riod of observation. Initially there was a straight 
line exponential decline after attainment of peak 
plasma activity. There was some uncertainty 
about this in two studies (Figure 1C). In all 
cases there was a departure from linearity begin- 
ning, at the earliest, 6 hours after injection of 
palmitic acid-1-C**, Figure 2 shows activity in 
TG 1 and 2 hours after injection of FFA. At 1 
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1 The curves described are a measure of total activity 
in plasma extracts. 
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TABLE I 


Observed and calculated plasma triglyceride fatty acid contents and data used to obtain calculated 
levels in 9 subjects given palmitic acid-1-C' * 


8 


K Fraction aF 


x 
Calcu- Plasma Fractional of FA Calcu- 
lated TG disappear- label lated Calcu- 
Plasma _ plasma activity y 2 Average ance rate appear- plasma FFA lated 4 
TGFA TGFA_ Devia- attime Attime At time FFA FFA of plasma ing in TG adminis- plasma 
Subject content content tion fi ty th conc. flux TG per hr plasma influx tered volume 
mmoles/totai % cpm/1.85 ml plasma mmoles/L mmoles/hr mmoles /hr cpm ml 
plasma vol 
CART 11.8 5.9 —50 145 93.0 238.0 670 27.6 0.217 0.046 0.425 6.7 X10 2,290 ad 
THOT 6.5 5.9 —- 9 o4 118.5 212.5 700 29.0 0.232 0.047 0.458 5.86 K10° 2,300 
BENT 12.0 9.8 —19 70 110.5 180.5 450 26.1 0.123 0.046 0.400 6.12 K10° 2,900 
NUNT 30.1 20.5 —35 45 63.5 108.5 600 50.3 0.115 0.059 0.783 5.51 X10° 4,670 
CLET 15.3 24.0 +50 130 91.9 221.9 700 34.3 0.165 0.093 1.067 4.84108 3,270 
HICt 9.9 10.4 + 4.5 77 138.6 215.6 650 30.3 0.201 0.069 0.695 4.62 X10° 2,950 
SHUt 15.5 13.1 —14 90 164.0 254.0 500 26.2 0.124 0.069 0.542 6.78 X10® 2,910 
CORT 17.0 18.6 +9 106 49.2 155.2 330 26.9 0.078 0.078 0.627 4.32 X10° 3,400 
PETS 4.7 5.0 +7 39 104.5 143.5 1,000 46.6 0.347 0.042 0.646 5.13 K108 2,330 


* For explanation of x, y and z, see text. Columns 1 and 2 give measured and calculated triglyceride concentrations; columns 4-13 give data 
used to obtain calculated levels in column 2 by methods described in the text. 
Constant infusion studies. 
t Single injection studies. 


hour no activity was detected in cholesterol es- methanol: chloroform (1:2, vol/vol) for extrac- 
ters, and at 2 hours 1.5 per cent of the total ac- tion of plasma. 
tivity was found in this fraction. D. Cholesterol esters. Figure 4, a representa- 


B. CO, activity. Figure 3 illustrates the ap- tive example performed as a separate study, shows 
pearance of CQ, activity in expired air in relation the appearance of label in cholesterol esters. Ac- 
to palmitic acid and TG activity during a con- tivity is initially small, but in 24 hours is re- 
stant infusion experiment and also illustrates the sponsible for a significant portion of the activity 
fact that peak expired CO, labeling occurs before of the extracts. This can be ascertained by com- 
plasma TG peak activity. paring the amount of cholesterol ester activity in 

C. Phospholipids. Table II shows the amount Figure 4 with the residual total activity in Fig- 
of activity in phospholipids at various intervals ure 1, A and B. 
after the beginning of the studies. These deter- E.. Free cholesterol. Activity in free cholesterol 
minations were performed on separate samples of constituted only a fraction of background activity. 
plasma by silicic acid chromatography using 


TABLE II 


Appearance of phospholipid activity in plasma after injection 


of FA-c’* of palmitic acid-1-C™ 
infusion 
200 Triglyceride Activity per 
mi. Plasma Time after 
palmitic 
acid-1-C™ Radio- 
Subject administration activity 


ivi hrs cpm per 1.85 
Expired Air 


FA Activity per 
1.85 mi. Plasma 


TIME IN HOURS : 

Fic. 3 CLE 1 5 | 
1G. 3. APPEARANCE OF CQO, ACTIVITY IN EXPIRED AIR 3 17 

IN RELATION TO PLASMA FREE FATTY ACID AND TRIGLYCER- 5 
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cpm /1.85 mi. Plasma 
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Fic. 4. APPEARANCE OF CHOLESTEROL ESTER ACTIVITY 
AFTER INTRAVENOUS PALMITIC AcID-1-C**, 


F, Oleic acid. The early part of the curves ob- 
tained (Figure 5 is a representative example) re- 
sembled the curves seen in the palmitic acid stud- 
ies. The fractional turnover rates for the early 
TG portions of the curves were 0.225 and 0.314 
per hour, respectively. Later the form of the 
curve was different. Duplicate determinations on 
separate samples of plasma revealed identical re- 
sults. It is also quite clear from inspection that 
the amount of oleate label converted to TGFA 
label and the rate of disappearance are in the same 
range as these values for palmitate. Silicie acid 
chromatography of plasma obtained at 9 hours 
revealed that the difference in appearance be- 
tween this curve and the palmitic acid curve is 
accounted for by a greater amount of activity in 
cholesterol esters. This is consistent with the 
known fact that cholesterol esters contain greater 
amounts of unsaturated acids (8). 

G. Stearic acid. The form of the stearic acid 
curve resembled those for palmitic acid. The de- 
cline of radioactivity after attainment of peak ac- 


K 
Fractional 
disappearance 


rate of plasma No. of cpm 


TG per hour injected 
Exot., 1: 
Donor 0.422 
Recipient 0.402 26,300 


Expt. 2: 


Donor 


0.282 


Recipient 17,050 


FATTY 


TABLE 


Plasma triglyceride fractional disappearance rates in reinjection studies and related data 


Estimated 
plasma 
volume* 


3,000 


2,200 7 
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Fic. 5. PLASMA TRIGLYCERIDE ACTIVITY AFTER INJEC- 
TION oF C™-oLEATE. Triglyceride activity represented by 
ascending limb and initial straight downslope only (see 
text). 


tivity was a straight line on the semilogarithmic 
plot and the fractional turnover rate was 0.146 per 
hour, a value which fell within the range of values 
obtained for palmitic acid. The curve was dit- 
ferent in that maximal activity was only 51 cpm 
per 1.85 ml plasma, a value which was consider- 
ably lower than any obtained for palmitic acid 
(see Figure 1). 


II, Reinjection experiments 


The results of the two reinjection studies are 
summarized in Table III. In the first study, re- 
sults indicated that the volume of distribution of 
the reinjected triglycerides was 25 per cent greater 
than the calculated plasma volume based on 40 
ml plasma per kg body weight. The rate of disap- 
pearance of TG activity in the recipient was very 


Actual 
extrapolated 
activity at 
zero time 


Expected 
activity at 
zero time 


43.8 cpm per 
5 ml plasma 


35 cpm per 
5 ml plasma 


.5 cpm per 


7 59 cpm per 
0 ml plasma 


10 ml plasma 


* Estimated plasma volume based on 40 ml per kg body weight. 
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IN REINJECTION 


close to the initial rate of TG disappearance after 
attainment of peak activity in the donor (Figure 
6), but in both donor and recipient was more 
rapid than in the non-reinjection studies. When 
the experiment was repeated using the same indi- 
vidual as donor and recipient, only the rate of 
decay of the reinjected material could be observed, 
and confirmed the previous findings that the vol- 
ume of distribution corresponds rather closely (25 
per cent greater) to the plasma volume and that 
the rate of disappearance was of the same order 
of magnitude observed in the non-reinjection ex- 
periments. Uptake of labeled TG during the pe- 
riod of infusion and possible equilibration with 
tissue TG are factors which may have been re- 
sponsible for an overestimation of the size of the 
TG pool. In our first reinjection experiment the 
fractional disappearance rate was 0.402 per hour, 
a rate which was close to but higher than those 
found in our non-reinjection studies. However, 
in the second reinjection experiment, the frac- 
tional disappearance rate was 0.282 per hour, a 
value which fell within the range of the non-re- 
injection studies. 


INTERPRETATION 
Background 


The studies in man of Fredrickson and Gordon 
(9) demonstrated that a portion of intravenously 
administered C'*-labeled fatty acids is later found 
in plasma as labeled neutral fat. There is good 
evidence that this conversion is effected in liver. 


Thus Stein and Shapiro (10), and Laurell (11) 
found that this organ removed intravenously ad- 
ministered radiopalmitate and that activity was 
found in liver triglycerides and then in plasma 
triglycerides. In the experiments of Laurell, the 
specific activity of liver and plasma triglycerides 
appeared to be the same so that these findings 
were thought to be compatible with the concept 
that fasting plasma triglycerides might be entirely 
derived from liver triglycerides. On the other 
hand, Stein and Shapiro believed that liver tri- 
glycerides mix with a larger triglyceride pool 
from depots (10). 


IT, Discussion of results 


A. Reinjection experiments. The observations 
in man made in this study differ from those in the 
rat in at least two obvious particulars. First, the 
rate of disappearance in the non-reinjection stud- 
ies of Laurell is more rapid than that in man. 
Second, the rate of disappearance in the rat of 
reinjected fasting triglycerides is much more 
rapid than in the non-reinjection experiments 
(11). In our own studies this difference was 
either not observed or remained in doubt (see 
Figure 6 and compare K values in Tables II and 
III). However, unpublished observations in this 
laboratory in dogs resembie those made in the rat 
by Laurell. From our own reinjection studies we 
conclude that the rate of disappearance resembled 
a simple first order decay and that the volume of 
distribution of the reinjected TG approximated 
the calculated plasma volume. 

B. Non-reinjection experiments. The activity 
in an extract containing triglycerides, cholesterol 
esters, free cholesterol and some phospholipids is 
considered, on the basis of silic acid chromato- 
graphic studies, to represent triglyceride activity 
alone during the ascending portion of the curve 
and during the initial descending portion of the 
curve which forms a straight line on the semilog- 
arithmic plot. Furthermore, the straight loga- 
rithmic downslope is considered to be representa- 
tive of the disappearance of a single substance. 
This would be valid except in the unusual circum- 
stance in which two or more different substances 
happened to be disappearing at the same fractional 
rate. The departure from linearity which occurs 
several hours after injection of labeled fatty acid 
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can be explained either by recirculation of la- 
beled triglyceride or by the appearance of another 
labeled material. The results, in fact, demonstrate 
the late appearance of activity augmenting the 
residual TG activity, both in cholesterol esters 
and in phospholipids. 


III. Current hypothesis 


The purpose of the studies on the relationship 
of C'-labeled fatty acids to plasma C'-labeled 
triglycerides was to evaluate the quantitative sig- 
nificance of this conversion in man. 

As stated previously, it is believed, from the 
data of Laurell (11), Stein and Shapiro (10), and 
Hillyard, Cornelius and Chaikoff (12), that fatty 
acid is converted to triglyceride in the liver and 
that plasma TG may be in equilibrium with liver 
TG (11). However, in the present investigation, 
since only plasma levels were measured, it will be 
necessary to limit the interpretation arbitrarily to 
events occurring in the plasma pool even though 
this pool might be only a fraction of a larger TG 
pool with which TG equilibrates rapidly. The 
fractional rate of disappearance of TG-C'* cal- 
culated from the TG activity curves is interpreted 
to represent the rate of disappearance of fasting 
plasma triglycerides in general. It should be 
stated in this regard that TG molecules in blood are 
composed of a mixture of fatty acids (13) and are 
believed to be removed intact by adipose tissue in 
vitro (14). Another point in support of the hy- 
pothesis that TG is removed intact is the observa- 
tion in this study that both oleic and palmitic acids, 
the two most abundant compounds in this class, be- 
haved in the same way and fell into the same 
range of disappearance rates from plasma. It is 
also known that lower glycerides do not normally 
appear in plasma (3). Since TG molecules are 
composed of a mixture of fatty acids, one would 
anticipate that lower glycerides would be present 
in plasma if the rate of disappearance were more 
rapid for one species of fatty acid than for another. 
Futhermore, it is assumed that the calculated frac- 
tional rate is also the rate of disappearance for TG 
throughout the course of the study, especially dur- 
ing the time of increasing triglyceride activity. 

Another important assumption, relating to the 
method of interpretation which follows, involves 
the concept that once peak plasma triglyceride ac- 


tivity has been reached and the straight exponen- 
tial downward decay begins, no further net addi- 
tion of TG label into the TG pool takes place. 
The word “net” is emphasized since a straight 
line could be observed if plasma TG equilibrates 
rapidly with other TG pools, ie., if plasma TG 
were part of a larger TG pool from which TG dis- 
appearance proceeded at a uniform rate. The 
question that this investigation attempts to answer 
does not concern the total magnitude of conversion 
of FFA to TGFA, but whether enough FFA be- 
comes TGFA to account for the observed TG 
concentration in plasma. The concept of “no fur- 
ther net addition” is justified by the following 
arguments. First, further net entry of label would 
alter linearity. Second, a model which fits the ob- 
served data was based on the observed rate of 
TG decay and a rate of entry into plasma also ap- 
proximated from the data. The following equa- 
tion was derived : 


ko —k 

where x is plasma TG activity, k: is the rate of 
disappearance from the pool emptying into 
plasma, k2 is the plasma TG fractional disap- 
pearance rate, and Zo is the amount of TG label 
released or equilibrating into plasma (15). 
Plotting this equation with values approximating 
those obtained experimentally gives a curve re- 
sembling the experimental curves. This equa- 
tion, furthermore, is based on the assumption 
that release of TG label into plasma is exponen- 
tial with time, an assumption which is consistent 
with the form of the increasing limb of the tri- 
glyceride activity curves. Third, inspection of 
the curves indicates that label equilibrates very 
rapidly at first and that this rapid rate of entry 
slows promptly and, therefore, the net influx of 
label would be expected to become rapidly in- 
significant and approach zero. The consequence 
of this would be that only the rate of disappear- 
ance of label would be manifest and that this 
picture would be uncomplicated by further addi- 
tion of labeled material. 

In addition to the foregoing, two other facts 
are pertinent to the discussion. First, plasma 
FFA is composed of about 50 per cent oleic acid, 
30 per cent palmitic acid, 8 per cent stearic acid 
and several per cent of various other fatty acids 
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DIAGRAMMATIC REPRESENTATION OF DATA ILLUS- 
Explanation in text. 


Fic. 7. 
TRATING METHOD OF CALCULATION. 


(16). Second, the fatty acid composition of tri- 
glycerides in plasma is very similar—approxi- 
mately 40 per cent oleic, 30 per cent palmitic, 10 
per cent linoleic, 5 per cent stearic, 5 per cent 
palmitoleic and varying smaller amounts of other 
fatty acids (8). 

The presentation which follows is not intended 
to represent an accurate description of the kinet- 
ics of the individual studies but serves to indicate 
in a general way the magnitude of the conversion 
of FFA to plasma TG and to suggest that plasma 
FFA are the major source of plasma TG. The 
fractional disappearance rate and volume of 
distribution of plasma FFA, the plasma volume, 
and the values derived from these quantities 
were not experimentally determined but are 
representative of known normal values and may 
be the source of considerable error in individual 
studies. The interpretation is presented below. 

In order to take into account the likely situa- 
tion that plasma TG may be in part of a larger 
TG pool probably including liver TG, it is nec- 
essary to interpret the data in a manner which is 
independent of pool size. The following model 
is pictured. FFA label is converted to TGFA 
label which then equilibrates rapidly with all 
parts of the TG pool including plasma. This 
pool may be the same size or larger than the 
Disappearance then proceeds at 
a uniform rate from the entire pool. 

In Figure 7, the logarithm of plasma TG activ- 
ity, x, is plotted against time, f. Let z = total 
TGFA activity (TGFA*) which has equilibrated 
with the plasma compartment, i.e., the total 
amount of administered fatty acid label (FA*), 
which appeared in plasma as TGFA*. Let y = 


plasma pool. 


amount of TGFA* which has left plasma from 
time = Otot = is any point in time on the 
straight downlimb of the semilogarithmic plot. 
Let M = amount of FA label administered. Let 
F = fraction of FA label converted to plasma 
TGFA*. F equals z/M. Let a = endogenous 
FFA turnover rate or flux. Let k = fractional 
disappearance rate of plasma TG. Then at any 
time ¢, on the straight downlimb of the semi- 
logarithmic plot, z = x — y; dy, the amount of 
TGFA* which has left plasma during an interval 
of time, dt, = kx dt, and the total amount of 
TEFGA*, y, which has left the 


plasma from t = 0 tot = tf) = f kx dt 
t 


0 
ti 
andz=x—k x dt. 
to 


Bat = E ef x a] M. 
to 


The amount of TGFA formed per hour which 
enters plasma equals the fraction of FA label 
converted to plasma TGFA* times the endogen- 
ous FFA turnover rate. This equals Fa, which 


equals a/ M —k x ar]. 
to 


If TGFA enters plasma at the rate of Fa milli- 
moles per hour and leaves at the fractional disap- 
pearance rate k, the anticipated plasma TGFA 
content which will be reached can be expressed 
by Fa/k (1 — e~*') (17). 


When ¢ = ~, plasma TFGA content will 


equal Fa/k; or, substituting Fa = a/M E —k 


ti 
x f x ar], plasma TGFA content = a/Mk 


to 
ty 
x E ef vat | =a/M E k— f vat. 
to to 


The integral f xdt is the area under the 
to 


shaded portion of the curve. This area was 
determined in these studies by the trapezoid 
rule. The area depicted in the diagram is, of 
course, not correct since it is drawn under semi- 
logarithmic plot. The correct area would be 
represented by the equivalent area drawn under 
an arithmetic plot. In practice the semilog- 
arithmic diagram was used to facilitate the 
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measurement of & and to insure that x; is meas- 
ured on the straight semilogarithmic downslope. 


x2, x = 0 and plasma 


Note that when f; = 
t 


1 
TGFA = a uf xdt. The expression 1/.\/ 
to 


x f x dt equals the area under the TGFA 
to 


curve from t = 0 tot = % divided by the total 
amount of FA label administered.” 

In calculating the data with the equations pre- 
sented, the following factors were taken into ac- 
count: 7) Plasma volumes were calculated on the 
basis of 40 ml plasma per kg body weight (18). 
2) It was assumed that the fraction of palmitic 
acid-1-C** converted to TGFA* is representative 

2 Since the writing of this paper an alternative method of 
analyzing the data has been proposed. The derivation 
which follows is more general in nature, and under certain 
circumstances requires no knowledge concerning the rate of 
disappearance of TGFA. 

Let w = time of introduction of labeled FA. 
total dose of labeled FA. 


Let M = 
Let f(t — w) = fraction of a 
given quantity of FFA which enters plasma at time w and 
which is to be found with plasma TGFA pool at time ¢ (a 
steady state is assumed). Let m(w) = plasma FFA flux 
(rate of entry of FFA into plasma). ‘Then, the quantity of 
FFA which entered plasma during time interval dw is 
m(w)dw. 

At time ¢ from the time this quantity, m(w)dw, entered, 
the quantity f(t — w)m(w)dw would be found in the plasma 
TGFA pool, or adding up for all previous time intervals we 
obtain: 


t 
total plasma TGFA = f f(t — w)m(w)dw 


The substitution Q = ¢ —w transforms this into the 
equivalent expression : 


total plasma TGFA = f m(t — Q) f(Q)dQ 


0 
If the rate of entry of FFA into the plasma is constant, say 
m(w) =a, then the quantity of TGFA present at time ¢ 
will be: 


total TGFA =a f(Q)d2 
0 
. . 
rhe integral f f(Q)dQ is the total area under the plasma 


TGFA curve divided by the total initial dose of labeled 
fatty acid. It can be seen immediately that the equation 


TGFA = af f(Q)dQ is identical with the equation pre- 


sented in the main text when ¢ = ~. 

The alternative equation for practical application re- 
quires extrapolation of the straight semilogarithmic down- 
limb of the TGFA* curves to infinity in order to measure 
the required area. 
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Whereas this is not 
strictly true it is a very reasonable approximation, 
since the fatty acid composition of plasma FFA 
and plasma TGFA is almost identical (8, 16) and 
since oleic and palmitic acids behaved similarly. 
3) Endogenous hourly FFA turnover rate, a, was 
estimated from the average plasma FFA level dur- 
ing the period of TGFA* formation by using a 
fractional disappearance rate of 0.3 per minute 
(9). 
ume of distribution of FFA, although the latter 
volume may be somewhat greater than the former 
(4, 9). 4) Extraction efficiency of 87 per cent 
for FFA and 95 per cent for TG was taken into 
account. 

The data and method of calculations outlined 
above were used to estimate an anticipated plasma 
triglyceride content for each subject based on a 
rate of TG formation calculated from the isotope 
data. The calculated levels would represent a 
minimal estimate if recirculation of TGFA occurs. 
These anticipated or theoretically expected levels 
derived from the tracer data were compared with 


of fatty acids as a whole. 


The plasma volume was taken as the vol- 


the actual TGFA plasma contents in each sub- 
ject. The actual TG contents with which the 
calculated levels were compared were the means 
of several levels obtained during the period of 
formation of labeled TGFA. During this time 
there was little fluctuation in TG concentration. 
The data and appear in Table I. 
Plasma TG content was calculated from the de- 
terminations by using a mol wt of 900. It can be 
seen (columns 1, 2 and 3) that the calculated ap- 
proximations range from 50 per cent less to 50 
per cent more than the measured levels and that 
six fall within 19 per cent of the measured levels. 
The same results can be obtained in a somewhat 
different manner: the plasma TGFA efflux is 
the product of k and TGFA content and this 
efflux can be compared with aF, the calculated 
rate of entry of plasma TGFA. Under these cir- 
cumstances the results are unaltered. 
culated TGFA flux into plasma approximates en- 
dogenous TGFA flux out of plasma, it would ap- 
pear from these calculations that all three fatty 
acids of triglyceride turn over and that the ma- 
jority of plasma TG originated from FFA. That 
the major fatty acids of TG turn over at the same 
rate is strongly suggested not only from a com- 
parison of the results with palmitic acid-1-C'* 


calculations 


Since cal- 
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and oleic acid-1-C**, but also from data of Rodbell 
showing that TG is removed intact by adipose tis- 
sue in vitro (14). 

A point which should be emphasized is that the 
results, suggesting that plasma FFA conversion 
to plasma TGFA is sufficient to account for plasma 
TG concentration, would be the same if these 
calculations were based ona unit volume of plasma ; 
ie., the interpretation is independent of pool size. 
Furthermore, the value obtained for the fraction 
of radiopalmitate converted to plasma TGFA ap- 
plies only to the initial equilibration of label into 
plasma. The actual fraction of FFA converted 
to TGFA might be considerably in excess of this 
amount if one considers, as Laurell claims (11), 
that plasma TG specific activity might well be 
the same as that in liver and that liver TG prob- 
ably greatly exceeds plasma TG. 


DISCUSSION AND CONCLUSIONS 


An important concomitant of the present inter- 
pretation is the concept that one of the factors re- 
lating directly to the plasma TG level is the mag- 
nitude of plasma FFA turnover rate. This idea 
finds support in observations relating plasma FFA 
concentration to plasma TG concentration. For 
example, Havel (19) found that administration of 
glucose, which causes a fall in plasma FFA, also 
causes a fall in plasma TG concentration. Dury 
and Treadwell (20) showed that epinephrine 
which raises plasma FFA concentration also raises 
plasma TG concentration. Both diabetes and star- 
vation produce a rise in plasma FFA and plasma 
TG. 

Another point which should be made is that the 
present study does not distinguish actual triglycer- 
ide formation from a process which exchanges one 
TGFA for another from FFA. There is, how- 
ever, suggestive evidence from the studies of others 
that FFA may not be released from the liver. The 
large positive FFA arteriovenous difference of 
the blood perfusing liver (21) suggests that such 
an exchange may not be the only mechanism con- 
cerned. Stein and Shapiro were unable to find 
significant amounts of FFA label after uptake of 
C1*-triglycerides by rat liver (22). This last 
point is, however, difficult to evaluate because 
liver FFA is rapidly diluted by a large FFA flux 
from plasma. It has also been shown that plasma 


triglycerides are removed by adipose tissue in vitro 
(14, 23), and that only a fraction of administered 
8-lipoprotein triglyceride is taken up by liver (22). 
If plasma triglyceride undergoes a fate other than 
recirculation to liver and if, as has been shown in 
these isotopic studies, the majority, and perhaps 
all plasma TG originates from liver, it would be 
unlikely that incorporation of FFA into TGFA 
would be entirely an exchange phenomenon. 
However, proof of this contention is not possible 
at present. 

It is also necessary to point out evidence con- 
cerning the importance of the liver in the incor- 
poration of FFA into TGFA and the lack of par- 
ticipation of extrahepatic tissues in contributing 
to the fasting triglyceride via an FFA precursor. 
Such evidence is forthcoming not only from ani- 
mal studies already mentioned but also from the 
recent observation by Havel and Goldfien (24) 
that hepatectomy in dogs abolished the conversion 
of FFA to TGFA. 

It is concluded from the data presented and 
from the interpretation of these data that plasma 
FFA is a major source of fasting plasma tri- 
glyceride. The calculations, furthermore, strongly 
suggest that FFA is involved in a process in which 
all three fatty acids of triglyceride turn over and 
that FFA is therefore the preponderant source of 
fasting TGFA. 


SUMMARY 


Observations have been made on the incorpora- 
tion of injected C'*-labeled fatty acids into tri- 
glycerides, cholesterol esters, free cholesterol and 
phospholipids. 

An estimate was made of the quantitative as- 
pect of the formation of triglyceride label. The 
results of this estimate are consistent with the 
hypothesis that a major fraction of fasting plasma 
triglyceride is derived from plasma fatty acids. 
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On a biochemical level, sickle cell disease is 
perhaps the most completely understood disease 
In spite of this, no satisfactory treatment 
is available to patients afflicted with this disorder. 


of man. 


The clinical manifestations of sickle cell anemia 
are varied. Some of the complaints of patients 
with this disease can be ascribed directly to the 
lack of oxygen-carrying capacity of the blood. 
Other symptoms, however, such as the painful 
crises, the leg ulcers and bone infarcts, are not 
due to anemia alone. They do not occur in other 
anemias of equal severity and must thus be as- 
cribed to additional factors. One such factor 
might be the distortion which sickle cells undergo 
when the oxygen tension is lowered. Any means 
by which the shape change of red cells could be 
inhibited might, therefore, benefit patients with 
this disorder. Reports of attempts to modify the 
sickling process by changing the pH of the en- 
vironment of red cells through the administra- 
tion of sodium bicarbonate (1) or by poisoning red 
cell carbonic anhydrase with acetazolamide (Dia- 
mox) have been published (2). Clinical results 
of acetazolamide treatment have been disappoint- 
ing (3). We are not aware of published confir- 
mation of the effect of alkali therapy on the clini- 
cal course of sickle crises, although a recent study 
(4) showed that it was not possible to influence 
in vivo sickling by intravenous administration of 
bicarbonate. The effect of older therapies on 
sickle cell disease has recently been reviewed by 
Dacie (5). None is considered effective. To our 
knowledge, studies of the effect of any drug ther- 
apy on in vivo red cell survival have not been 
published. 


* Supported in part by USPHS Grant no. H-5313. A 
portion of this work was carried out in the Department 
of Medicine and the Argonne Cancer Research Hospital, 
operated by the University of Chicago for the U. S. 
Atomic Energy Commission. Presented -in part at the 


1960 Annual Meeting of the American Society of He- 
matology, November 30, 1960, Montreal, Canada (46). 
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A recent review (6) stimulated us to approach 
this problem from a different point of view. 
Itano (7) had demonstrated that complete con- 
version of sickle hemoglobin to the methemoglobin 
derivative prevented the sickling process. It 
seemed probable that conversion of only a part 
of the hemoglobin of sickle cells to methemoglobin 
would result in partial inhibition of the sickling 
process. The studies of Greenberg, Kass and 
Castle (8) have demonstrated that the mean 
corpuscular sickle hemoglobin concentration 
(MCSHC) was important in determining whether 
pronounced clinical symptoms of sickle cell dis- 
“ase. were present. Those patients whose 
MCSHC values were less than 15 g per cent were 
not anemic and had no painful crises. Hemoglobin 
converted to methemoglobin would be removed 
from the oxyhemoglobin-reduced hemoglobin equi- 
librium. In this way the MCSHC of sickle cells 
would in effect be diminished when methemoglobin 
was formed. Thus, inhibition of sickling might 
take place in patients treated with methemoglobin- 
forming agents. 

Furthermore, it has been shown that the lowest 
gelling point of mixtures of S hemoglobin with 
other hemoglobins depends not only on the ab- 
solute concentration of sickle hemoglobin in the 
solution, but also on the type of the other hemo- 
globins (9). In addition, sickling of red blood 
cells of infants with sickle cell trait has been found 
to correlate not with the absolute quantity of sickle 
hemoglobin in the red cells, but rather with the 
reciprocal of the amount of fetal hemoglobin pres- 
ent (10). Therefore, it appeared at least theo- 
retically possible that methemoglobin might inter- 
fere with the sickling process to a greater extent 
than would be expected from its effect in remov- 
ing hemoglobin from the Hb = HbO, equilibrium, 
alone. 

Proceeding on the premise that it may be pos- 
sible to benefit patients with sickle cell anemia by 
inhibiting the sickling process, even if they are at 
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TABLE I 


Laboratory data on five patients with sickle cell anemia * 


Patient Hb 


RBC 


2.80 


T.P. 


E.R. 10.0 


Alkali 


Bilirubin 
resistant — 
Hb 


Direct 


Appearance of 
RBC on smear 
% total 
Sickling, 

Howell-Jolly 

bodies, normo- 

blasts, target 

cells 

Sickling, 

many target 

cells 

Sickling 

Sickling 3.34 


Sickling 3.80 


* All 5 patients had SS hemoglobin shown by paper electrophoresis, and the glutathione stability test was normal in 


each, 


the same time deprived of a certain quantity of 
oxygen-carrying capacity, we have undertaken an 
investigation of the effect of such chemical modi- 
fication of sickle hemoglobin in patients with sickle 
cell disease. After these studies had been under- 
taken and a preliminary communication had been 
published (11), we learned that in his thesis 
Itano (7) had suggested that clinical investiga- 
tions of the treatment of sickle cell disease with 
sodium nitrite might be carried out. At his sug- 
gestion, preliminary trials were carried out by 
Dr. J. C. S. Paterson. In long-term experi- 
ments, 300 to 500 mg sodium nitrite in divided 
daily doses was well tolerated and, although sub- 
jective improvement was noted, there was little 
evidence of hematological improvement. In acute 
experiments the side effects of sodium nitrite ad- 
ministration by infusion in anemic patients were 
found to be sufficiently troublesome to necessitate 
interrupting his studies. These observations have 
not been published (12). 

AND 


MATERIALS METHODS 


A. Patients. Five Negro women between the ages of 
21 and 33 volunteered for these studies. The pertinent 
admission laboratory data are given in Table I. No blood 
transfusions were given to any of the patients during the 
course of the studies. 

B. Determination of oxygen tension sickling curves. 
The following gas mixtures were obtained from a com- 
mercial source and the exact gas content assayed in each 


case! (except for the 1 per cent O, mixture): 0, 1, 3, 5, 
10 and 20 per cent O.. The CO, content varied from 8.1 
to 10.0 per cent. The balance of gas was N.. The ac- 
tual O., content has been used in calculating the pO, 
throughout, except in the case of 1 per cent O.. Each 
gas mixture was passed through a gas-washing bottle 
filled with distilled water. 

It was found in preliminary experiments that con- 
sistently satisfactory results relating oxygen tension to 
percentage sickling could not be obtained on washed, 
resuspended red cells, so that it was necessary to carry 
out studies on whole blood samples. Accordingly, hepari- 
nized blood was obtained from each subject and 1 ml was 
introduced into a 500 ml separatory funnel (total vol- 
ume, 650 ml) which was employed as a tonometer. In 
studies done on Subject T.P., 2.5 ml was used. The 
space in the separatory funnel was flushed with the ap- 
propriate gas mixture at a rate of 6 L per minute; it was 
stoppered and the stopcock closed. The funnel was then 
rotated at room temperature (22 to 25° C) in such a 
manner as to spread the blood in a thin film on the sur- 
face of the glass. After 5 minutes, the gas inside the 
funnel was again flushed out for 30 seconds at a flow 
rate of approximately 6 L per minute and the rotating 
process repeated. After a third flushing and period of 
rotation, the funnel was flushed with gas a fourth time 
for 30 seconds and a drop of blood was introduced un- 
der oil from the stem of the funnel into a fixative con- 
taining 5.0 per cent formalin,? 0.010 M Na,HPO, and 
0.138 M NaCl which had been saturated with the gas 
with which the blood sample had been equilibrated. This 
fixative was designed to give a final pH of from 6.6 to 


1 Courtesy of Mr. John Barr, chief technician, Cardiac 
Physiology Laboratory, City of Hope Medical Center. 

2 Solution of formaldehyde, 37 per cent by weight, 
USP, Merck. 
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6.8. After 15 to 30 minutes’ fixation, a droplet of blood 
was introduced into a counting chamber and approxi- 
mately 200 cells were enumerated; the percentage of dis- 
torted cells was recorded. The blood of patients with- 
out sickle hemoglobin but with a similar degree of ane- 
mia was studied to determine the control level of red cell 
distortion. 

In most studies a red cell which deviated in any ap- 
preciable manner from a regular discoid shape was con- 
sidered to be distorted. In one study more rigid criteria 
for sickling were employed: cells were considered to be 
distorted significantly only if the longest diameter of the 
cell was 2.5 times the shorter diameter, or if there were 
two distinct points on the cell. 

C. Methemoglobin, hemoglobin, alkali-resistant hemo- 
globin and Heinz bodies. Methemoglobin and hemoglo- 
bin determinations were carried out by the method of 
Evelyn and Malloy (13), modified by the addition of 
0.02 per cent saponin to the 0.0167 M buffer, and stand- 
ardized against a commercially available cyanmethemo- 
globin standard (Acuglobin, Ortho Pharmaceutical Corp.). 
In measuring the hemoglobin and methemoglobin con- 
tent of the fractional hemolysates produced by differential 
osmotic hemolysis, the method of Evelyn and Malloy 
was modified in that the determinations were carried out 
at a pH of 7.4 instead of 6.6. Appropriate conversion 
factors derived empirically for this pH were used. 

The method of staining Heinz bodies has been de- 
scribed previously (14).  Alkali-resistant hemoglobin 
was measured by a slight modification of the method of 
Betke, Marti and Schlicht (15): the erythrocytes were 
washed only once before lysis. Results were identical 
with those obtained when the original procedure was 
employed. Normally, less than 0.8 per cent of the hemo- 
globin is alkali-resistant when measured by this technique. 

D. Drugs. Sodium nitrite was administered in the 
form of 1 grain tablets (Eli Lilly & Co.). Para-amino- 
propriophenone (PAPP) (Eastman Organic Chemical 
Corp.) was dissolved in propylene glycol at a concentra- 
tion of 10 mg per ml. PAPP solutions were prepared 
at least weekly. Both drugs were administered by the 
oral route. The pharmacology of methemoglobin forma- 
tion by sodium nitrite and PAPP has been studied in 
experimental animals and in human subjects and will be 
reported elsewhere (16). A single oral dose of sodium 
nitrite tablets or of PAPP dissolved in propylene glycol 
induces a peak level of methemoglobinemia within ap- 
proximately 1 hour, with a gradually declining level 
thereafter. If either of these drugs is administered every 
4 hours at the same dosage level, a gradual increase in 
the blood methemoglobin concentration occurs and the 
level of methemoglobin is exceedingly stable from hour 
to hour. 

The chorionic gonadotropin administered to T.P. was 
obtained from Parke, Davis as Antuitrin S. J.R. re- 
ceived chorionic gonadotropin from Organon as Pregnyl 
and from Squibb as Follutein.? J.R. also received 10 mg 


8 We appreciate the generous gift of this material. 


of Premarin (Ayerst) and 200 mg progesterone (Pfizer) 
daily for a period of 10 days. 

E. Oxygen dissociation curves. Oxygen dissociation 
curves were determined on aliquots of blood equilibrated 
in a separatory funnel as indicated above, collected under 
oil, and introduced into the Van Slyke apparatus (17), 
after hemoglobin and methemoglobin determinations had 
been carried out. 

F. Serial osmotic hemolysis. Nine days aft» the in- 
travenous administration of 10 uc of Fe™’-citrate, hepari- 
nized blood was drawn from Subject B.W. in order to 
carry out serial osmotic hemolysis studies. Ten ml of 
blood was centrifuged at 375 G for 10 minutes. The 
plasma was discarded and ice-cold 0.9 per cent NaCl was 
added to give a total volume of 30 ml. The suspension 
was centrifuged at 2° C at 170 G for 15 minutes and the 
supernatant discarded. At this temperature (and in the 
absence of glucose) no significant reduction of methemo- 
globin takes place. Buffered saline, prepared by the 
method of Dacie (18), equivalent to 0.65 per cent sodium 
chloride, was added to a total volume of 30 ml and the 
resuspended red cells were incubated at 0° C for 10 min- 
utes. The suspension was then centrifuged at 2° C for 15 
minutes at 170 G. The supernatant was removed for 
hemoglobin, methemoglobin, and radioactivity determi- 
nations. Buffered saline, equivalent to 0.60 per cent 
sodium chloride, was then added and the procedure re- 
peated. Subsequently, buffered saline, equivalent to 0.55, 
0.50, 0.45, 0.40, 0.35, 0.30, 0.25 0.20, and 0.15 per cent was 
added. In each case, the hemolysate representing the cells 
hemolyzed by the salt strength used, but not by the previ- 
ous salt strengths, was collected and assayed for hemo- 
globin, methemoglobin and radioactivity. The relatively 
few unhemolyzed cells remaining in the supernatant 
(because of the slow centrifuge speed used to avoid dam- 
age to cells) were hemolyzed by the addition of saponin. 
Serial osmotic lysis was carried out on the blood of T.P. 
using a higher centrifuge speed (680 G) to remove all 
suspended erythrocytes. Radioactivity determinations 
were carried out on 7.00-ml aliquots in a Nuclear-Chicago 
model DS 3 scintillator detector, model 1810 spectrometer, 
and model 161 A scaling unit. 

G. Erythrocyte survival studies. Cr survival studies 
were carried out by adding sodium chromate (Rachro- 
mate, Abbott Laboratories) in 100 to 200 uc quantities 
to approximately 30 ml of blood. The plasma was re- 
moved after centrifugation and the cells were washed 
once in isotonic saline. Radioactivity determinations 
were carried out with the same equipment used for 
counting the Fe®. The blood volume was assumed to 
remain constant during the red cell survival studies and, 
therefore, no corrections for changes in hematocrit were 
made. 


RESULTS 
A. In vitro studies 


1. Sickling-oxygen tension curves. Figures 1 
and 2 demonstrate the effect of various concentra- 
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tions of methemoglobin induced in vivo by the ad- 
ministration of sodium nitrite (Figure 1) or PAPP 
(Figure 2) on the distorting effects of low oxygen 
tensions on sickle cells. It is noted that there is 
well marked inhibition of red cell distortion. The 
criteria used for assessing distortion of red cells 
do not materially effect the relative position of 
the curve. 

2. Oxygen dissociation curve of red cells con- 
taining methemoglobin. The percentage satura- 
tion with oxygen of red cells of Subject T.P. be- 
fore and after methemoglobinemia was induced by 
PAPP is depicted in Figure 3. The presence of 
less than 25 per cent methemoglobin in red cells 
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Fic. 1. EFrFect OF METHEMOGLOBINEMIA INDUCED N 
VIVO BY SODIUM NITRITE ADMINISTRATION ON THE SICK- 
LING-OXYGEN TENSION CURVE OF ERYTHROCYTES. At low 
oxygen tensions there is less distortion of cells containing 
24.2 and 27.9% methemoglobin than in those containing 
zero or 3.7% methemoglobin. 


apparently exerts little effect on the dissociation 
of oxygen from oxyhemoglobin. Darling and 
Roughton (19), using normal red blood cells, 
have previously demonstrated that at low levels of 
methemoglobin the shift in the oxygen dissociation 
curve is slight. At the relatively low levels of 
methemoglobin used in our studies the shift in the 
oxygen dissociation curve might well have been 
too small to be detected in the limited number of 
measurements which we have made, if it occurred 
at all. Furthermore, in our calculations, the 
amount of hemoglobin available for dissociation 
has been estimated by subtracting the amount of 
methemoglobin present from the total hemoglobin 
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Fic. 2, Errect OF METHEMOGLOBINEMIA INDUCED IN 
VIVO By PAPP oN THE SICKLING-OXYGEN TENSION CURVE 
OF ERYTHROCYTES. At low oxygen tensions there is suc- 
cessively less distortion of cells as the amount of methe- 
moglobin in the cells increases. 


as determined by the cyanmethemoglobin method. 
If any additional pigments (hemoglobin degrada- 
tion products) contributing to optical density but 
not capable of carrying oxygen, such as sulfhemo- 
globin, were present, these would give a falsely 
high estimation of the amount of hemoglobin pres- 
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Fic. 3. OXYGEN DISSOCIATION CURVE OF SICKLE CELLS 


AT HIGH AND NEAR NORMAL METHEMOGLOBIN LEVELS. 
Methemoglobinemia was induced in vivo by the adminis- 
tration of PAPP. No significant change in the disso- 
ciation curve could be demonstrated. 
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Fic. 4. Errect OF METHEMOGLOBINEMIA INDUCED IN 
VIVO BY SODIUM NITRITE ADMINISTRATION ON THE SICK- 
LING-REDUCED HEMOGLOBIN CURVE OF ERYTHROCYTES, AS 
DERIVED FROM Ficures 1 anp 3. The fraction of the total 
pigment in the form of reduced hemoglobin has been com- 
puted and appears as the abscissa. When expressed in 
this way, the percentage of cells distorted seems rela- 
tively independent of the percentage of methemoglobin 
in the red cells. 


ent. In this way, the calculated oxygen dissocia- 
tion curve would tend to be displaced to the right. 
This might obscure any slight leftward shift 
caused by the presence of methemoglobin. In 
agreement with the data of others (20-22), the 
oxygen dissociation curve of sickle cells appears 
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Fic. 5. RELATIONSHIP BETWEEN CELL AGE AND METHE- 

MOGLOBIN CONTENT OF THE ERYTHROCYTES AS STUDIED BY 
FRACTIONAL OSMOTIC Lysis. The cells most susceptible 
to lysis (presumably the older red cells) contain the 
greatest amount of methemoglobin. 


to be somewhat to the right of that usually pre- 
sented for normal red blood cells. 

3. Reduced hemoglobin-red cell distortion curves. 
Although, as shown in Figure 3, the presence of 
methemoglobin exerts relatively little effect on the 
dissociation of oxygen from oxyhemoglobin, the 
amount of the hemoglobin in each red cell partici- 
pating in the hemoglobin-oxyhemoglobin equilibra- 
tion is diminished when some of it has been con- 
verted to methemoglobin. To determine whether 
the presence of methemoglobin itself exerts an 
effect on the sickling process, or whether it exerts 
its action chiefly by removing hemoglobin from the 
Hb = HbO, equilibrium, the curves correlating 
red cell distortion and oxygen tension have been 
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Fic. 6. RELATIONSHIP BETWEEN CELL AGE AND METHE- 
MOGLOBIN CONTENT OF THE ERYTHROCYTES AS STUDIED BY 
FRACTIONAL OSMOTIC LysIs. The cells most susceptible 
to lysis (presumably the older red cells) contain the 
greatest amount of methemoglobin. 


replotted to compare the proportion of the cells 
distorted with the concentration of reduced sickle 
hemoglobin in each cell. The reduced sickle hemo- 
globin concentration in the cell has been esti- 
mated by multiplying the percentage of reduced 
hemoglobin, as read from the oxygen dissociation 
curve (Figure 3), by the fraction of hemoglobin 
not converted to methemoglobin and, therefore, 
available for dissociation, The curves obtained 
show that the percentage of -cells distorted is 
closely related to the reduced sickle hemoglobin 
concentration and is not greatly influenced by 
the presence of methemoglobin. Representative 
curves obtained by replotting data from Figure 1 
are presented in Figure 4. 
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B. The effect of cell age on methemoglobin levels 


Ten pe of Fe®*-citrate was given intravenously 
to Subject B.W. Maximal blood levels were 
achieved after 7 days. Nine days after the ad- 
ministration of Fe*’, the patient was given 200 mg 

. of PAPP. One and one-half hours later, the blood 
methemoglobin level was approximately 40 per 
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cent. Blood was drawn and the red cells were 
fractionated by differential osmotic hemolysis. 
The supernatant solutions were analyzed for 
amount of hemoglobin and the percentage of he- 
moglobin which was methemoglobin. These data 
are presented in Figure 5. In agreement with the 
data of Marks and Johnson (23) and of Levy, 
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Walter and Sass (24) on normal erythrocytes, 
the younger members of the sickle cell population, 
those labeled with Fe°*, are most resistant to os- 
motic lysis. The slightly elevated Fe®® levels of 
the 6.65 and 0.55 per cent fractions may be due to 
the unusual fragility of a portion of the young 
cells, as was found in normal blood by Levy and 
co-workers (24), or to incomplete sedimentation 
of some reticulocytes at the relatively slow centri- 
fuge speeds used. The younger red cell fractions 
contain the least methemoglobin. Very little ra- 
dioiron was found in the 0.60, 0.50 and 0.45 per 
cent fractions and the maximal methemoglobin 
levels were encountered in these fractions. To de- 
termine whether the larger amounts of methemo- 
globin in the most easily lysed fractions were really 
a function of increased susceptibility of methemo- 
globin-containing cells rather than of cell age, dif- 
ferential osmotic hemolysis was repeated on the 
following day, after the methemoglobin concentra- 
tion had returned to zero. There was no change 
in the susceptibility of the erythrocytes to osmotic 
lysis, indicating that the presence of methemoglo- 
bin does not increase the susceptibility of red cells 
to osmotic lysis. Two weeks later, the patient was 
again given 200 mg PAPP. This time the Fe®?- 
containing cells had aged somewhat and more ra- 
dioactivity was found in the least resistant frac- 
The pattern of methemoglobin formation 
was the same. Differential osmotic hemolysis 
studies were also carried out on the red cells of 
another patient, T.P.. who had received PAPP 
for several weeks. A higher centrifuge speed was 
used to clear all remaining cells from the super- 
natant (see Methods). The relationship of the 
percentage of hemoglobin in the form of methemo- 


tions. 


globin in various fractions as determined by this 
experiment is presented in Figure 6. 


C. Clinical observations 


1. Subject L.A. (Figure 7). The red cells of Sub- 
ject L.A. were labeled with Cr™ and their survival fol- 
lowed for a baseline period of 7 days. PAPP was then 
administered at 4-hour intervals in gradually increasing 
doses, as shown in Figure 7. The percentage of methe- 
moglobin increased concurrently. When the methemo- 
globin level reached approximately 20 per cent of the 
total pigment there was a striking increase in the sur- 
vival of the red blood cells as estimated by the Cr™ 
method. This lasted for only a few days. In spite of 
continued drug administration and a rising level of methe- 
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moglobin to a maximum of approximately 33 per cent of 
the total pigment, red cell destruction soon became ac- 
celerated and exceeded the baseline rate. This suggested 
that PAPP, an aromatic amine, was in itself hemolytic. 
Concurrently with the methemoglobinemia and lengthen- 
ing of red cell survival, there was a modest reticulocy- 
tosis and a rise in the total hemoglobin level of the blood. 

The patient’s erythrocytes were rechromated approxi- 
mately 1 month after the conclusion of the first study and 
methemoglobinemia was induced again, this time by ad- 
ministering gradually increasing doses of sodium nitrite. 
No toxic side effects from sodium nitrite were encoun- 
tered, but the methemoglobin level rose to between 20 
and 30 per cent of the total pigment. The baseline Cr™ 
half-time was 7 days, closely comparable with the 8-day 
T; obtained on the patient in the previous study. Dur- 
ing the period of methemoglobinemia, the Cr™ survival 
was lengthened to a T; of 17 days. There was no distinct 
change in the reticulocyte count and the total hemoglobin 
level of the blood rose. While still receiving sodium ni- 
trite, the patient’s erythrocytes were rechromated. Un- 
fortunately, at this time the nighttime doses of nitrite 
were omitted for several days. It is not known to what 
level the methemoglobin concentration of the blood fell 
during this time. The Cr* T; was 7.5 days. After re- 
institution of sodium nitrite therapy in full doses, the 
T:; was lengthened to 15 days. Then nitrite administra- 
tion was discontinued and three 65-mg doses of methylene 
blue were administered orally, quickly lowering the 
methemoglobin level. Red cell destruction became some- 
what accelerated with a T; of 8.5 days, closely com- 
parable to the baseline levels of 8 and 7 days which were 
observed in the two previous Cr™ studies. 

The patient had no acute symptoms at any time dur- 
ing the study and no change was noted in her general 
clinical status, serial electrocardiograms, urinalysis, or in 
her capacity to concentrate urine after water depriva- 
tion. 


Comment. The administration of PAPP ap- 
peared to result in prolongation of red blood cell 
survival as estimated by the Cr* method, but sub- 
sequently there was accelerated red cell destruc- 
tion. The administration of sodium nitrite was 
associated with a more sustained prolongation of 
red cell survival. The possibility has been con- 
sidered that the apparent prolongation of red cell 
survival in the second study was an artifact, pro- 
duced by a heterogeneous red cell population com- 
prised of short-lived and long-lived cells. This 
seems unlikely, since in the early portion of the 
first study there was no indication that there was 
a two-component population. However, a fur- 
ther attempt was made to rule out this possibility 
and to determine whether prolongation of red cell- 


life span induced by sodium nitrite occurred in all 
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Fic. 8. EFFECT OF SODIUM NITRITE ADMINISTRATION 
to B.W. 


members of the red cell population or only in the 
older cells (which contain a greater proportion of 
methemoglobin). Interpretation of this experi- 
ment is hampered by failure of the patient to re- 
ceive nighttime doses of sodium nitrite. However, 
the third Cr*! study clearly demonstrates that the 
changes in the first two studies were not due 
merely to a mixed red cell population consisting 
of a long-lived and a short-lived component. It 
also shows that prolongation of red cell life span 
can be achieved, even in relatively young cells, 


when methemoglobinemia is induced by sodium 
nitrite administration. 

It is impossible to determine whether the rise 
in the hemoglobin level which was observed was 
chiefly due to “driving” of the marrow as a re- 
sult of the decreased oxyhemoglobin levels or to 
the decreased destruction of erythrocytes. Prob- 
ably both mechanisms play a role, but the latter 
is emphasized in a later study carried out on T.P. 
(see below ). 

2. Subject B.W. (Figure 8). B.W. was given gradu- 
ally increased doses of sodium nitrite. Her red cells were 
chromated when her methemoglobin level was already 
between 15 and 20 per cent of the total pigment (Fig- 
ure 8). Before the level of methemoglobinemia was 
consistently greater than 20 per cent, the T; was 9.5 days, 
as computed by the method of least squares (25). A T 
of 19.5 days was found when a curve was fitted to the 
points obtained after methemoglobin levels above 20 per 
cent of the total pigment were consistently achieved. 
Upon withdrawal of sodium nitrite and administration 
of methylene blue to hasten the conversion of methemo- 
globin to hemoglobin, red cell survival was for the next 
8 days shortened to a T; of 10.5 days, closely comparable 
to the original T; of 9.5 days. 

No unusual clinical symptoms were observed. How- 
ever, approximately 1 week after the methemoglobin 
level had returned to zero, the patient developed a mild, 
painful crisis. This seemed to provide an opportunity to 
study the effect of methemoglobin production on this 
complication. Small doses of sodium nitrite were ad- 
ministered. There was an apparent lengthening of red 
cell survival, although since the observations made were 
scanty, their significance remains somewhat doubtful. 
The painful symptoms subsided in approximately 24 
hours. Relief of pain was not impressive. Several 
months later, we were presented with another opportunity 
to observe the patient during a painful crisis. The re- 
sults of administration of a single dose of PAPP were 
approximately the same. Rapid induction of methemo- 
giobinemia of 29 to 36 per cent for 1 hour did not seem 
to affect the pain, which subsided after about 48 hours 
No attempt to induce prolonged methemoglobinemia was 
made. 


Comment. This study confirms that prolonga- 
tion of survival of even relatively young erythro- 
cytes can be achieved when sodium nitrite is ad- 
ministered. Efforts to influence painful crises 
yielded disappointing results, although such re- 
sults are difficult to evaluate because of the marked 
variability in the natural history of painful crises. 

3. Subject T.P. (Figure 9). The red cells of T.P. 
were labeled with Cr” and baseline survival studied for 


several days. Methemoglobinemia was induced with 
PAPP on two occasions—first for 6, then for 7 days. 
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No significant alteration of Cr” survival was observed. 
The reticulocyte count and hematocrit rose slightly, and 
hemoglobin showed a questionable increase. Two weeks 
following the second course of PAPP administration, 
the patient developed chest pain, fever, and a pulmonary 
infiltrate of the right base. She was treated with anti- 
coagulants for the next 2.5 weeks, and her symptoms 
and signs quickly disappeared. The patient’s red cells 
were again labeled with Cr” and a more prolonged 
course of treatment with PAPP lasting 19 days was 
carried out. There was only questionable, transient pro- 
longation of Cr” survival lasting for a few days and 
then accelerated destruction, as had been observed in the 
study carried out on L.A. However, there was a well 
marked rise in the hematocrit, not accompanied by a rise 
in the hemoglobin. Thus, the patient's mean corpuscular 
hemoglobin concentration fell. This apparently anomalous 
finding was easily explained when her red cells were ex- 
amined for Heinz bodies. Most of the cells contained 
these particles, probably consisting of denatured protein 
(26). The patient was next given a short course of in- 
jections with chorionic gonadotropin in an effort to in- 
fluence fetal hemoglobin synthesis. The results were 
equivocal: a rapid rise of alkali-resistant hemoglobin was 


followed by a return to near baseline level while hor- 


Errect orf PAPP AND SODIUM NITRITE ADMINISTRATION TO 


CONJUGATED 
CHORIONIC ESTROGEN & 
GONADOTROPIN /DAY PROGESTERONE 


mone was still being administered. The administration 
of conjugated equine estrogens and progesterone resulted 
in no change in alkali-resistant hemoglobin levels. 

A third Cr” survival study was carried out to de- 
termine whether methemoglobinemia induced by nitrite 
would prolong red cell survival in this patient as it had 
in Subjects L.A. and B.W. The baseline Cr” survival 
time was longer than that found in the two earlier studies, 
with a T; of 11.5 days, as computed by the method of 
least squares (25). This prolongation may be explained 
by the fact that the patient had just experienced accele- 
rated red cell destruction as a result of PAPP ad- 
ministration. Drug-induced hemolytic anemia affects 
chiefly the older members of the red cell population (27) ; 
thus, prolonged survival may be expected following 
drug-induced hemolysis. When sodium nitrite was ad- 
ministered to the patient the Cr” survival time remained 
unchanged, with a computed T; of 11.5 days, until the 
methemoglobin level consistently exceeded 20 per cent 
of the total pigment. The slope of the survival curve 
then changed to give a computed T; of 22.5 days. After 
sodium nitrite administration was discontinued the slope 
of the survival curve returned to 13 days, comparable 
with that of the period before sodium nitrite adminis- 
tratien. During the course of the study the patient's leg 
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ulcers healed rapidly. There was no change in her ca- 
pacity to concentrate urine after water deprivation and 
no change in her general clinical condition. 


Comment. In this patient, the hemolytic effect 
of protracted PAPP administration con- 
firmed. It was again demonstrated that sodium 
nitrite could prolong red cell survival at methemo- 
globin levels at which no significant prolongation 
was achieved with PAPP. The healing of the leg 
ulcers could probably be attributed as easily to the 
extended period of hospitalization as to any bene- 
ficial effects from the administration of methemo- 
globin-forming agents. 


4. Subject J.G. (Figure 10). The red cells of J.G. 
were labeled with Cr” and she was given gradually in- 
creased doses of sodium nitrite every 4 hours. After 9 
days, the patient was receiving 390 mg sodium nitrite 
every 4 hours and complained of headache. However, 
methemoglobin levels were only about 11 per cent. 
Therefore, the dosage of sodium nitrite was increased 
by one-third to 520 mg for one dose. When this dose 
failed to produce any further symptoms and the methe- 
moglobin level was still well below 20 per cent, an addi- 
tional dose of 260 mg sodium nitrite was given after 2 
hours. Two hours later there were no symptoms, al- 
though the blood pressure was 100/0. Another 520-mg 
dose of sodium nitrite was administered. About 1.5 
hours later, the patient complained of substernal pain 
which lasted for about 10 minutes and disappeared when 
oxygen was given. The methemoglobin level at the time 
of pain was only 22 per cent of the total pigment. An 
electrocardiogram taken shortly after the pain subsided 
showed no change from the previous tracing, except for 
a more rapid rate and the appearance of supraventricular 
extrasystoles. An EKG taken 3 days later was entirely 
normal. The dosage of sodium nitrite was decreased 
to 390 mg every 4 hours. There were no further symp- 
toms and the dose was increased to 455 mg, at which time 
the patient again developed an episode of chest pain, 
which subsided in a few minutes after administration of 
oxygen and codeine. The methemoglobin level at this 
time was only 19 per cent. Further administration of 
sodium nitrite to j.G. was abandoned. In the course of 
the study there were no changes in serial urinalysis, se- 
rum bilirubin determinations, or capacity to concentrate 
urine after water deprivation. 

Taken as a whole the Cr™ survival curve does not de- 
viate significantly from the baseline curve. The minor 
fluctuations which occurred do not coincide either with 
changes in nitrite dosage or with the methemoglobin 
level and are not readily explained. 


Comment. This subject had the most severe 
degree of anemia of any of the patients studied, 
and consequently her red cells have the youngest 
average age. Probably because the methemo- 


globin-reducing systems of young cells are more 
active than those of older red cells (28), it was 
impossible to achieve adequate levels of methemo- 
globinemia in this patient without encountering 
alarming toxic side effects from sodium nitrite. 


%Cr>! REMAINING 


z 
= 
w 
= 


RETICULOCYTES(%) 


ME THE MOGLOBIN 
TOTAL HEMOGLOBIN 


10 20 


Na (gms/day) 


DAYS 


Fic. 10. EFFECT OF SODIUM NITRITE ADMINISTRATION 
10 J.G. 


100 
90 
80 
e 
60 8days 
2 
50 
40 
e 
+ 
30 
20 
x? 
§ 8 
20 ; 
10 
* 
4 
3 
‘ 
2] 
° 
A 


1866 ERNEST BEUTLER 


= 


100 


% Cr3! REMAINING 


JRE 


Ti+ 6! doys 


HEMOGLOBIN 
(Gms %) 


RETICULOCYTES(%) 


T 


ME THEMOGL OBIN 
TOTAL HEMOGLOBIN 
n 
T 


Pape 
(2% 200m9) 


NoNO, (gms /doy) 

PAPP (mg May) 


10 20 J 


i 

1400 

1200 F 

1000 F 

soor 

600 

400 

200 

160 


170 


Fic. 11. Errect or PAPP AND SODIUM NITRITE ADMINISTRATION TO J.R. 


5. Subject JR. (Figure 11). J.R. was given gradually 
increased doses of sodium nitrite which resulted in a 
gradual rise in her methemoglobin level. When the dos- 
age had reached 325 mg every 4 hours, the patient ex- 
perienced epigastric burning but the methemoglobin level 
remained at approximately 10 per cent of the total pig- 
ment. It was therefore deemed wise to discontinue so- 
dium nitrite administration. A Cr™ survival curve was, 
unfortunately, unsatisfactory because the red cells had 
been washed with a sodium chloride solution containing 
0.9 per cent benzoic acid as a preservative. Subsequent 
investigations demonstrated that benzoic acid at this 
concentration damages red cells, increasing their osmotic 


fragility and causing, upon injection, their almost im- 
mediate removal from the circulation. A second study 
was initiated in which PAPP was administered. Me- 
themoglobinemia of between 20 and 30 per cent was 
achieved without any untoward symptoms. There was 
no prolongation of Cr” survival, and indeed, there was 
accelerated destruction of red cells within a few days’ 
time after PAPP administration had been initiated. 
There was no change in the patient’s general clinical 
status, serial electrocardiograms, urinalysis, bilirubin 
level or capacity to concentrate urine on water depriva- 
tion. Two days after discharge from the hospital, the 
patient developed an episode of nausea, vomiting and 


| 
| 
| 
| 
j 
80 4 
70 le 
60 
4 
20 
| 
e { 
| 
10 
10 
» 
20 
10 
hoe 
| 
if 
tee 


EFFECT OF METHEMOGLOBIN FORMATION IN SICKLE CELL DISEASE 1867 


diarrhea which subsided spontaneously within about 24 
hours, and which was considered to be unrelated to either 
her sickle cell disease or the experimental therapy. 
Several months after these studies were conducted, this 
patient was also given a course of chorionic gonadotropin, 
10,000 U daily. A slight rise in alkali-resistant hemo- 
globin was observed, but a higher level had been ob- 
served previously while the patient was receiving no 
hormone therapy. 

Comment. Some degree of accelerated red cell 
destruction in a patient receiving PAPP was again 
demonstrated. 


DISCUSSION 


It is usually assumed that the clinical manifesta- 
tions of sickle cell disease are due to the abnormal 
physicochemical properties of sickle hemoglobin, 
which result in the distortion of the red cells when 
the oxygen tension is reduced. It must be ad- 
mitted, however, that although it is reasonable to 
assume that sickling of red cells is responsible for 
the clinical course of sickle cell disease (29), this 
assumption can by no means be considered proven, 
There are discrepancies between the number of 
sickled cells and the severity of the clinical dis- 
ease, and it has been suggested that other disturb- 
ances of red cell function may be important clini- 
cally (4). Nonetheless, it might be possible to in- 
fluence favorably the course of this disease by 
changing the composition of hemoglobin within 
the red cells in such a way that the extent of sick- 
ling would be diminished. An ideal solution to 
the problem of sickling of erythrocytes would be 
to induce synthesis of type A hemoglobin to take 
the place of synthesis of type S hemoglobin. This 
is technically beyond our reach today, for the pa- 
tient with sickle cell disease does not have the 
genetic potential for the synthesis of type A hemo- 
globin and changing the genetic constitution of hu- 
man tissues is not yet feasible. 

A second, probably almost as satisfactory solu- 
tion, might be to induce synthesis of large amounts 
of type F hemoglobin in the red cells of patients 
with sickle cell disease in the place of hemoglobin 
S. Patients with sickle cell disease do have the 
potential for synthesis of the gamma chain of the 
hemoglobin molecule, and indeed normally produce 
increased amounts of fetal hemoglobin (30). Fe- 
tal hemoglobin interferes with the sickling process 
in infants (10) and in hereditary persistence of 
fetal hemoglobin (31). As yet, no method for 


increasing the synthesis of F hemoglobin is 
known, although sensitivity in the ratio between 
hemoglobin F and hemoglobin A synthesized to 
oxygen tension has been demonstrated (32, 33). 
The alteration of this ratio is due, however, to 
the fact that while both hemoglobin F and hemo- 
globin A synthesis is inhibited by anoxia, the de- 
gree of inhibition is greater in the case of hemo- 
globin A. The observation (34) that cyanotic 
congenital heart disease does not appear to be 
associated with the appearance of hemoglobin F 
suggests that anoxia is not an important reg- 
ulatory factor. It has also been observed, 
by using alkali denaturation and immunologic 
technique (35, 36), that there is increase in fetal 
hemoglobin content of the mother’s blood during 
the second trimester of normal pregnancy and 
during molar pregnancy. This has not been con- 
firmed with sensitive measurements using the 
tryptophan fine-line spectrum after alkali denatu- 
ration (34). Nonetheless, the possibility that the 
hormonal environment might influence fetal hemo- 
globin synthesis appeared to us to warrant further 
investigation. A transient rise in alkali-resistant 
hemoglobin was observed in two patients follow- 
ing chorionic gonadotropin administration, but its 
significance is as yet uncertain. Further studies 
are obviously necessary. This problem is cur- 
rently under investigation in our laboratory. 

A third approach is to modify the hemoglobin 
within the red cell chemically without attempting 
to influence the type of hemoglobin which is syn- 
thesized by the red cell precursor. In this paper, 
the potential value of converting sickle hemoglobin 
to methemoglobin is examined. An ideal chemical 
modification of hemoglobin would be such that: 7) 
the modified compound would continue to carry 
oxygen and carbon dioxide normally, 2) its modi- 
fication would be induced by the administration of 
nontoxic agents, 3) infrequent drug administra- 
tion by the oral route would suffice to ‘produce the 


desired change in hemoglobin in a reliable fashion 
with a minimum of laboratory control, 4) sickling 
would be effectively inhibited even at relatively 
low oxygen tensions. It is obvious that drug-in- 
duced methemoglobinemia falls seriously short in 
several respects. Frequent administration of 
drugs with certain toxic side effects with appropri- 


ate laboratory controls is required to maintain an 
adequate level of methemoglobin in the blood. 
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Methemoglobin does not carry oxygen. However, 
it does, as we have confirmed in this study, ef- 
fectively inhibit the sickling process. Substan- 
tial inhibitions of sickling can be achieved with 
a compromise of only about 20 per cent of the 
oxygen-carrying capacity of the blood. In agree- 
ment with the conclusions drawn from studies in 
experimental animals by Jalavisto and associates 
(37-39), and in human red cells by Jung (40) 
and Waller, Schlegel, Muller and Lohr (41), the 
methemoglobin concentration of the older red 
cells was greater than that of the younger mem- 


Thus, 
marked inhibition of sickling of some of the cells 


bers of the red cell population. very 


The current studies 
shed some light on the mechanisms of inhibition of 


may have been achieved. 


sickling by methemoglobin. It would appear 
that methemoglobin exerts its chief effect by re- 
moving pigment from the equilibrium between re- 
duced hemoglobin and oxyhemoglobin rather than 
by interfering with the sickling process in a manner 
analagous to the interference produced by fetal 
hemoglobin (10). In effect. it renders the red 
cell hypochromic with respect to hemoglobin, thus 
reducing the absolute amount of reduced sickle 
hemoglobin present at a given oxygen tension and 
diminishing the tendency of the red cell to be 
deformed. 

Regardless of the mechanism of the effect of 
methemoglobin in inhibiting sickling, the cau- 
tious trial of methemoglobin-forming agents in the 
treatment of sickle cell disease seemed to us to be 
justified. Many treatments of sickle cell disease 
have been advocated in the past; none is consid- 
ered satisfactory (5). To our knowledge, the 
studies we have reported here represent the first 
experimental therapy which has been shown to 
prolong red cell survival. The effect of inducing 
methemoglobinemia with PAPP and sodium. ni- 
trite has been investigated in five patients with 
sickle cell disease. When methemoglobin levels 
above 20 per cent were produced with sodium 
nitrite there was a consistent prolongation of red 


blood 
levels, no such prolongation of red cell survival 


cell survival. At lower methemoglobin 


was observed. PAPP failed to produce any sus- 
tained significant prolongation of red cell survival, 
even at methemoglobin levels considerably higher 
than those achieved with sodium nitrite. This is 
in all likelihood due to the fact that PAPP, an 
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aromatic amine, is itself hemolytic. The possi- 
bility has been considered that sodium nitrite 
produces prolongation of red cell survival by a 
mechanism independent of the methemoglobine- 
Sodium nitrite is known 


to have marked effects on the vascular system, 


mia which it induces. 


and it is conceivable that these may be responsible, 
in part, for its effect in prolonging red blood cell 
However, the patient who failed to de- 
velop significant degrees of methemoglobinemia, 


survival. 


even with large amounts of sodium nitrite (J].G.). 


failed to experience sustained prolongation of red 


blood cell survival. 
Methemoglobinemia was well tolerated by all 
of the patients. This was true even when rela- 


tively large amounts of methemoglobin were 


formed in a brief period of time. This is con- 
sistent with the point of view that the clinical mani- 
festations of sickle cell disease are not due pri- 
marily to the anemia. Neither could any clinical 
benefit be ascribed to the induction of methemo- 
globinemia, nor was the renal concentrating de- 
fect influenced. The latter finding is not surpris- 
ing in view of the fact that the renal defect of pa- 
tients with sickle cell disease is only reversible in 
early childhood (42). 

It has been known for some time that tolerance 
to the side effects of nitrites develops upon con- 
tinued exposure. Thus, it has been pointed out 
that munitions factory workers may suffer from 
nitrite-induced headaches during the first few days 
of employment. They are subsequently asympto- 
matic unless they leave work for several days. 
Upon return to work they often develop head- 
Workers have learned to avoid these 
symptoms by continuing to expose themselves to 
nitrite by placing a small quantity of nitroglycerin 
in their hatbands so that it will be 
through the skin (43). There is conflicting evi- 
dence as to whether tolerance can be induced to 
sodium nitrite (44, 45), although there is general 


aches again. 


absorbed 


agreement about other nitrites. Nonetheless, we 
were able to administer large doses of nitrite to 
most of our patients by using gradually increased 
doses without encountering side effects. 
not true in all cases, however. One patient (J.G.) 
developed alarming symptoms when the sodium 


This was 


nitrite dosage was increased rapidly, and symp- 
toms recurred at the same level of nitrite even 


when the dosage was increased slowly. Another 
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patient (J.R.) developed symptoms which were 
sufficiently annoying to make it seem advisable to 
discontinue therapy. Aside from these toxic side 
effects of nitrite administration, it is obviously im- 
practical to administer any drug to patients every 
+ hours, day and night, over a long period of time. 
If methemoglobinemia were to have any practical 
value in the long-term therapy of sickle cell dis- 
ease, it would have to be induced by a preparation 
which could be administered at much less fre- 
quent intervals. On the other hand, it is con- 
ceivable that short-term methemoglobinemia might 
be of value in the treatment of crises. We have 
hesitated to give sodium nitrite in the treatment 
of crises, however, since the tolerance to the vas- 
Administration of enough 
nitrite to result in formation of methemoglobin 


cular effects is variable. 


levels sufficient to affect the sickling phenomenon 
PAPP, on 
the other hand, might have some promise in the 


might result in serious side effects. 


therapy of crises, since high levels of methemoglo- 
bin can be induced within less than an hour by the 
Our limited 
experience with the use of this material in the 


administration of this compound. 


treatment of painful crises has been disappointing. 
Since the course of crises is variable, a more ex- 
tensive controlled trial would be necessary to de- 
termine whether the administration of this com- 
pound is of value in crises. 


SUMMARY 


1. The induction of methemoglobinemia in vivo 
by the administration of para-aminopropriophe- 
none (PAPP) or of sodium nitrite produced a 
shift to the left in the sickling-oxygen tension 
curve of the red cells of patients with sickle cell 
disease. 

2. Conversion of 20 per cent of the sickle cell 
hemoglobin to methemoglobin produced such an 
effect, but did not materially influence the oxygen 
dissociation curve of the intact red blood cells. 

3. Most or all of the effect of methemoglobin in 
inhibiting sickling could be explained on the basis 


of removal of pigment from the oxyhemoglobin- 


reduced hemoglobin equilibrium, resulting in a 
lower concentration of reduced sickle hemoglobin 
at a given oxygen tension. 

4. More methemoglobin was present in the older 
members of the red cell population than in young 
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red cells of patients with sickle cell disease after 
administration of PAPP. 

5. When sodium nitrite was administered to pa- 
tients with sickle cell disease and the methemoglo- 
bin concentration of the blood 
greater than 20 per cent of the total pigment, there 


reached levels 


was an increase in the survival of red blood cells, 
as estimated by the Cr®! method. 
a tendency for the hemoglobin content of the blood 


There was also 


to rise. 

6. When methemoglobinemia was induced in 
patients with sickle cell disease by the administra- 
tion of PAPP, there was in at least one case transi- 
ent prolongation of red blood cell survival as esti- 
mated by the Cr** method. In all cases in which 
PAPP was administered for more than a few 
days, there was eventually accelerated destruction 
of red cells as estimated by this method. Adminis- 
tration of PAPP was sometimes associated with 
an increase of the hematocrit not accompanied by 
increase in hemoglobin concentration of the blood. 
This was attributed to denaturation of some of the 
hemoglobin within the red cells to Heinz bodies. 

7. In none of the patients was there any sub- 
tantial change in clinical status during drug ad- 
ministration, although alarming side effects were 
noted in one patient at high dosages of sodium 
nitrite and another patient noted troublesome side 
effects from sodium nitrite administration. Pre- 
liminary attempts to treat painful crises of pa- 
tients with sickle cell disease by the administra- 
tion of sodium nitrite yielded unimpressive results. 
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The possibility that a disordered immune re- 
sponse is related to the development of the rheu- 
matic diseases has been an attractive hypothesis 
for investigation for years. Several investigators 
have attempted to demonstrate quantitative dif- 
ferences in the immune response between patients 
with these diseases and control subjects when they 
were inoculated with various antigens. Kantz, 
Creger and Choy (1) challenged patients with 
rheumatic fever and rheumatoid arthritis by in- 
jecting isologous red blood cells intravenously, 
and by the inoculation of influenza A and B vac- 
cine. The patients with rheumatic fever responded 
with an increased titer of isohemagglutinins and 
in increased titer of antibodies to influenza virus 
compared with the control groups. There was no 
difference in the immune response to these two 
antigens between the rheumatoid arthritic patients 
and control subjects. Ina prospective study, Rej- 
holec (2) administered brucella vaccine subcu- 
taneously to a group of 900 children. A small 
group developed very high titers of brucella anti- 
body, measured by the indirect Coombs technique. 
All the children were followed clinically and a 
very high percentage of the hyper-reactors were 
shown subsequently to develop rheumatic fever ; 
indeed, the only cases of rheumatic fever appeared 
in this hyper-reactor group. Miller, Kibrick, and 
Massel (3), by using influenza virus and typhoid 
© and H antigens, were unable to show hyper- 
reactivity in a group of patients with rheumatic 
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THE 


fever. Other studies with pneumococcal polysac- 
charide by Quinn, Seastone and Dickie (4) and 
with diphtheria toxoid by Kuhns and McCarty 
(5) similarly showed no hyper-reactivity. 

The present studies were initiated in the face 
of these conflicting data and with the following two 
objectives in mind: 7) to determine whether dif- 
ferences in antibody response to an antigenic stim- 
ulus of a nonstreptococcal, presumably unfamiliar 
antigen could be demonstrated between control pa- 
tients and patients with various rheumatic dis- 
sases; and 2) to determine whether challenge by 
a specific heterologous antigen might influence one 
or another of the abnormal antibodies or antibody- 
like substances circulating in the blood of patients 
with rheumatic diseases. 


MATERIALS AND METHODS 


Nineteen patients with rheumatoid arthritis in all stages 
of activity, 11 patients with systemic lupus erythematosus, 
5 patients with acute rheumatic fever, and 6 patients 
with acute glomerulonephritis formed the study group. 
Almost all patients with rheumatoid arthritis, rheumatic 
fever and systemic lupus erythrematosus were under 
chronic corticosteroid therapy. Twenty-seven patients 
with various nonrheumatic diseases (cerebral vascular 
accident, congestive heart failure, various neurological 
syndromes) served as hospitalized, chronically ill, con- 
trol subjects. These control subjects were comparable 
in age, although predominantly male (Table I). The 
patients with rheumatic diseases, as one might expect in 
rheumatoid arthritis and systemic lupus erythematosus, 
were predominantly female. Forty apparently normal 
subjects, the kindred of nonrheumatic patients, acted as 
normal ambulatory control subjects. 

Each patient was inoculated subcutaneously with 0.5 
ml of brucella vaccine (Parke-Davis) containing Brucella 
abortus and melitensis, 2,000 million killed bacteria per 
ml. In most cases, blood samples were obtained before 
inoculation and at 1, 2 and 3 weeks after inoculation. In 
2 patients, samples were obtained at 2-day intervals. In 
12 cases, samples were taken once a week for periods of 
months. In many instances the following agglutinations 
were performed on the several samples of a single pa- 
tient simultaneously. 
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Antibrucella agglutinins were measured by the slide 
agglutination technique, with diagnostic febrile antigen 
for brucella (Lederle), according to the method of 
Huddleson and Abell (6). The sera of 2 control pa- 
tients and 2 rheumatic patients were independently stud- 
ied by Dr. D. Widelock of the Department of Health, 
New York City, and comparable titers of brucella anti- 
bodies were found. Isohemagglutinin titers were deter- 
mined as described by Kabat (7) and antiglobulin tests 
were performed as described by Rosenfield, Vogel and 
Rosenthal (8). Lupus erythematosus cell preparations 
were made in accordance with the method of Lee (9), 
and antistreptolysin titers were done by the method of 
Rantz and Randall (10). 

Antinuclear antibody titers were performed by a fluo- 
rescent antibody technique described previously (11) with 
this major modification: imprints of mouse spleen, liver 
and kidney were used as a source of nuclei, rather than 
chicken red cells. Slides so prepared were fixed in ace- 
tone for 10 minutes and used immediately with the usual 
indirect staining method. The fluorescent conjugates 
were absorbed twice for 1 hour with guinea pig liver 
powder in order to remove nonspecific fluorescence. 

Anti-thyroglobulin antibodies were detected in inacti- 
vated sera by means of a slide agglutination method, uti- 
lizing thyroglobulin-coated latex particles prepared by 
Hyland Laboratories. The test was performed in un- 
diluted serum and at a dilution of 1:10 in order to allow 


for any prozone phenomenon. Whenever the diluted or 


TABLE 1 


Control patients 


Antibrucella titer 


Patient Diagnosis \ge Sex Initial 1 wk 2 wks 3 wks 
G.B. As. ht. dis. 72 M_= neg 320 640 80 
A.B. As. ht. dis. 64 M neg neg neg 
He CVA* 78 M neg 20 410 80 
M.R. Paget's 60 M neg neg 

Meningioma 50 neg neg neg neg 
EX. Bronchogenic ca. 64 M neg 40 40 

B. Metastatic brainca. 67 M neg neg 20 40 
De.C Bronchogenic ca. 50 M neg 80 640 

D.G. As. ht. dis. 58 M 20 640 160 
GC. Ca. of rectum 50 M neg 160 640 160 
M.L. Pancreatitis 7 ee neg neg 320 320 
G.D. Arteriosclerosis 69 M neg neg neg 

J.M. CVA 80 M neg 40 «160 80 
J.M. Arteriosclerosis 71 M neg neg 40 80 
W.S. Arteriosclerosis 64 M neg 20 80 80 
G.kK. CVA 70 M neg neg 80 20 
J.S. CVA 62 M 40 80 160 
Hemangioma 39 M neg neg 80 160 
A.M. Syringomyelia 42 M neg 160 320 
Vid Congestive ht. dis. 40 F neg neg 160 

TA Congestive ht. dis. 34 M ~~ neg 80 

AX. Cirrhosis 60 =F neg 160 

F.H. Rheumatic ht. dis. 44 *F neg 20 80 80 
E.D. Rheumatic ht. dis. aa. OU neg 80 80 40 
T.H. Pyelonephritis a: neg 40 

M.H Psoriatic arthritis 39 =F neg 40 320 
ALS. Paralysis agitans 69 M neg 40 80 40 


* Cerebral vascular accident. 
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RHEUMATIC DISEASES 


TABLE Il 


Antibrucella titers for all groups * 


Geometric 
mean anti- 
brucella titer 


Sample 95% Confi- 


Group size Initial 2 wks dence limits 
Family members 40 0 210 150— 300 
8 10 0 400 240— 660 
RA 13 0 555 350-1,000 
Other diseases 17 0 80 40- 155 
*SLE = systemic lupus erythematosus; RA = rheu- 


matoid arthritis. 


undiluted serum was positive, serial dilutions were done 
to determine the exact titer. Forty control sera from 
blood bank donors were negative and 19 of 20 patients 
with suspected thyroid disease were negative. One pa- 
tient with clinical Hashimoto's disease had a positive se- 
rum. 
Laboratories and considered very strongly positive had 
a titer of 1:64. Latex particle fixation was done by the 
method of Singer and Plotz (12). Influenza antibodies 
type A,, B Lee, PR8, FM, and SW were measured in 17 
selected sera of 5 patients with systemic lupus erythema- 
tosus by Dr. D. Widelock of the Department of Health 
of New York City. 

Titers of all antibodies will be expressed as the recipro- 
cal of the dilution. 


The positive control serum provided by Hyland 


All of the antinuclear antibodies, lu- 
pus erythematosus preparations, and anti-thyroglobulin 
antibodies were done on all of the samples of each pa- 
tient at the same time. Serum complement titrations were 
determined with slight modifications according to the 
technique described by Kabat and Mayer (13). 
electrophoresis 


Paper 
was performed in a Durrum-type cell 
(Manual of Paper Electrophoresis, model R, Beckman In- 
strument Co., 1958). values of different 
fractions were determined as the percentage of total pro- 
tein measured by the biuret method or by refractometry. 

Sedimentation the antibrucella ag- 
glutinins, the rheumatoid factor, and the antinuclear anti- 
bodies were studied in a Spinco model L ultracentrifuge 
by 2 different procedures. Initially, serum diluted in 
saline was centrifuged at 40,000 rpm in a 40.2 rotor for 
1 to 2 hours; after centrifugation, serial aliquots of 8 
successive layers were removed consecutively from the 
top to the bottom of the tube. 


The absolute 


characteristics of 


Afterward, better results 
were obtained by means of the zone centrifugation tech- 
nique. This was done with the swinging bucket SW 39 
rotor, using a sucrose density gradient, as described by 
Kunkel (14). 

RESULTS 
A, Brucella antibodies 


Table I summarizes the antibrucella titers in 
the hospitalized control subjects at 7, 14 and 21 
days. The average geometrical mean titer was 80 
at the end of 2 weeks. A summary table of all 
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CONTROL PATIENTS RHEUMATOID ARTHRITIS PATIENTS 


° 


TITER OF BRUCELLA ANTIBODIES 
8 


TIME IN DAYS 


Fic. 1. ANTIBRUCELLA TITERS IN CONTROL SUBJECTS AND RHEUMATOID ARTHRITIS PATIENTS. 


RHEUMATIC FEVER AND GLOMERULONEPHRITIS groups at the 2-week interval shows that both the 


PATIENTS family control group and the hospitalized patient 
control group were significantly less reactive than 
RHEUMATIC FEVER the rheumatoid arthritis group? (Table II). Be- 
cause the sample number in the systemic lupus 
erythematosus group was 10, the p value is not 
significant, but the difference between groups 
would be significant if the sample were larger. 
Brucella antigen had been chosen for these ex- 
periments because it was presumed that it had 
not been met by the subjects and hence was satis- 
factory for stimulation. The possibility exists 
that for some of our patients the antigen was not 
unfamiliar. Of the total of 68 patients inoculated, 
three had positive antibrucella agglutinin titers 
before inoculation. These three, with titers of 
20, 40, and 80 were in the systemic lupus erythe- 
matosus group. The mean titer at 2 weeks in the 
rheumatoid arthritis group was 555 and in the 
systemic lupus erythematosus group was 400. 
The small size of the rheumatic fever and glo- 


GLOMERULONEPHRI TiS 


\4 2i 1p Value for difference between systemic lupus erythe- 


TIME 10 DAYS matosus patients and normal family members = 0.075; p 
ANTIBRUCELLA TITERS IN PATIENTS WITH RHEU- value for difference between rheumatoid arthritis patients 
MATIC FEVER AND GLOMERULONEPHRITIS. and normal family members < 0.01. 
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TABLE IV 


Influenza antibodies * 


Initial titer Latert 
Patient A2 BLee PR8 FM SW A2 BLee PR8 FM SW 
M.P. 32 64 128 64 0 32 128 64 64 0 
R.W. 32 0 0 32 0 32 0 0 16 0 
M.M. 0 32 64 32 64 0 32 64 16 64 
J.E. 0 0 0 64 0 0 0 0 512 0 
M.S. 0 16 32 16 32 0 4 32 16 64 


* Titers are expressed as the reciprocal of the dilution. ; < 
+ These samples were taken at the time of maximal production of 


brucella agglutinins. 
t This rise occurred 2 weeks after booster dose of brucella vaccine. 


merulonephritis groups does not permit statistical 
evaluation, but these also showed high titers at 
14 days (160 to 2,560; Figures 1 and 2). The 
three systemic lupus erythematosus patients who 
had initial positive titers showed in general no 
difference in response to brucella antigen inocu- 
lation from the other patients with this diagnosis. 
Comparison of the mean titers at Days 7, 14 and 
21 showed that at the latter two days, patients in 
the rheumatic disease group had_ signiiicantly 
higher titers than those in the control series, with 
values of less than 0.001 for rheumatoid arthritis. 
More frequent bleedings done on two patients 
showed that the peak response occurred between 
the eighth and tenth day after inoculation. 


B. Effect of brucella antigen inoculation on pro- 
duction of other antibodies 


Rheumatic fever and glomerulonephritis. No 
significant rise of antistreptolysin titer was noted 
in this group of patients. 

Systemic lupus erythematosus (Table IIT). 
hemagglutinin titers, antinuclear antibodies, com- 
plement levels and total serum y-globulin did not 
show appreciable change in these patients following 
brucella antigen stimulation. In 4 of the 11 pa- 
tients in this group, however, transiently positive 
direct antiglobulin tests were observed during the 
In five pa- 


Tso- 


peak immune response to brucella. 
tients with systemic lupus erythematosus, serial 
blood samples were examined for antibodies to 
Four of 
these patients showed patterns in their influenza 
antibodies which are not unusual for their age 


various influenza viruses? (Table IV). 


* Courtesy of Dr. Daniel Widelock, Bureau of Labora- 
tories, Department of Health. New York City. 
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group in New York City; these patterns did not 
change during the immunization period. In one 
patient, however, there was an initial titer of 64 
for the FM 1 strain. 
taneous injection of 0.1 ml of brucella antigen, 
this titer rose to 512, although titers to all of the 
other strains tested remained zero. 
that this patient had an infection with the FM 1 
virus during this period, although this virus has 
not been isolated in New York City in recent 


Two weeks after a subcu- 


It is possible 


years, 

Anti-thyroglobulin antibodies were detected be- 
fore immunization in two patients in titers of 4 
and 64 (Table III). Two weeks after stimula- 
tion these antibodies were detected in three addi- 
tional patients in titers of 2, 8 and 16, although the 
original two patients did not have any subsequent 
change in their titers. 

Rheumatoid arthritis. 
tinins and serum y-globulin showed no significant 
change. One patient developed a positive Coombs 
test 8 weeks after brucella inoculation. 

In seven patients of this group serial determina- 
tions of the latex particle fixation were made. 
In three of these seven there was significant paral- 
lel rise of latex particle fixation titer as the bru- 
cella agglutinin titer rose (Figure 3). 

Since it is well known that the disulfide bridge 
of the macroglobulins can be disrupted by the ad- 
dition of sulfhydryl-containing compounds with 
subsequent loss of antibody activity, mercapto- 
ethanol was added to seven high-titer brucella and 
There re- 


Titers of isohemagglu- 


latex sera in 0.01 M concentration. 
sulted a marked loss of agglutinating activity of 
both the brucella and latex system. Ultracentri- 
fugation of these sera revealed that both the bru- 
cella agglutinins and the latex particle fixation ac- 
tivity resided in the 19S component and that the 
7S component was inactive in both systems. Simi- 
larly, the brucella agglutinins resided in the 19S 
fraction of the control sera (Tables V and VI). 
In order to differentiate clearly both 19S ac- 
tivities, the same seven test sera (with both a high 
titer of brucella antibodies and a high titer in the 
latex particle fixation) were repeatedly absorbed 
with brucella antigen until no brucella antibodies 
could be demonstrated. After absorption these 
sera still had their initial activity in the latex par- 
ticle fixation system. 
Before stimulation with brucella antigen no 


bens 
tay 
: 
: 
reer 
: 


ANTIBODY PRODUCTION IN RHEUMATIC DISEASES 


BRUCELLA TITER AND LATEX TITER 


TIME IN DAYS 


PARTICLE FIXATION 


3. 


patient with rheumatoid arthritis, of 15 tested, 


had detectable anti-thyroglobulin antibody. Ap- 
proximately 2 weeks after inoculation these anti- 
bodies were detected in five patients in titers of 
1, 1, 32, 2 and 2 (Table VII). 

Control group. No latex particle fixation ac- 
tivity or lupus erythematosus cell factor was found 
in the initial serum of any of the control group. 
In the initial sera of 16 patients, no anti-thyro- 
globulin antibody was noted. In 13 of these pa- 
tients no anti-thyroglobulin activity was found 
after inoculation with brucella antigen and during 
the period of brucella agglutinin response ; y-glob- 
ulin in the control patients did not vary in the 


serial samples. 


BRUCELLA AND LATEX TITERS IN 


PATIENTS WITH RHEUMATOID ARTHRITIS. 


DISCUSSION 


In this series of experiments, there were sta- 
tistical differences in antibody response between 
the rheumatic disease patients and the control pa- 
tients after brucella stimulation. The agglutination 
reaction used to detect the antibrucella agglutinins 


TABLE \ 


Brucella antibody titer 


Serum alone Serum +mercaptoethanol (0.01 
1:320 

1:640 

1:320 

1:1,280 


SLE 
RA 
RA 
RA 
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TABLE 


VI 


Ultracentrifugation on sucrose gradient; latex and brucella titer of serum fractions 


Serum alone 


Brucella 


5 
Pellet( +) 


(+)1:1,600 


Pellet( +) 


A.P. (RA) Original serum: 
latex 1:2,560; brucella 1:640 


was specific. Parallel agglutinations using Sal- 
monella typhosa were uniformly negative. Anti- 
brucella agglutinins in systemic lupus erythemato- 
sus patients were distinct from antinuclear anti- 
bodies, and in rheumatoid arthritis patients were 


demonstrated to be separate from rheumatoid fac- 
tor. Further, rheumatoid factor had no enhancing 
effect when added to low-titer antibrucella sera. 
The possibility that the agglutinating phenome- 
non was related nonspecifically to the presence of 


TABLE VII 


Antibody titers of rheumatic patients and patients with acute glomerular nephritis 


Latex particle Anti-thyroglobulin 
Antibrucella titers fixation titer i 


Patient Age Sex 1 wk 2 wks Init. 2 wks 


Rheumatoid arthritis 
2,560 neg 
1,280 : 1,280 
640 640 
320 > neg 
640 80 
640 neg 
1,280 20 
1,280 2,560 
320 5,120 
2,560 
neg 
neg 
40 ; 2,560 
640 neg 
640 2,560 
640 neg neg 
neg neg 
neg neg 
640 1,280 2,560 


Acute rheumatic fever 

F.W. 6 F neg 
M.V. 17 M neg 
P.B. 7 F neg 
11 M neg 
G.R. 10 F neg 


Acute glomerular nephritis 


neg 
neg 
neg 
neg 
neg 
neg 


‘ 

— 

Serum + mercaptoethanol 
Layer Latex Layer Latex Brucella 
2 (—) (—) 2 (—) 
3 (<5 3 (=) (—) 
4 4 (—) ey 
(—) (—) 5 (-) (—) 
| 
| 

: LE 

neg neg 
neg neg neg 
neg neg neg 
neg neg 
neg neg 1 
neg neg neg 
ate! neg neg 32 
a neg neg 2 
neg neg 2 
= neg neg neg 
ee: neg neg neg 

neg 
neg neg neg 
neg neg 
neg neg 
neg neg 1 
640 1,280 320 
160 2,560 640 
320 640 40 
320 320 7 

Ws 320 1,280 40 
ae S.H. 13 M 40 320 160 
Jk 9 160 320 160 
mM. 42 F 640 1,280 2,560 
re MS. 12 M 80 320 160 “ae 
M.W. 8 M 1,280 
33 5S. 22 M 320 160 640 


complement was discarded, because in six in- 
stances simultaneous measurements of complement 
and antibrucella agglutinins revealed negligible 
complement activity in the presence of high ag- 
glutinating activity. 

The present study confirms the suggestion that 
patients with rheumatic diseases may hyper-react 
to brucella antigen as previously reported by 
Rejholec (2). The data are in disagreement with 
the results obtained by other groups who have used 
diphtheria toxoid (5), pneumococcal polysac- 
charide (4) or typhoid vaccine (3). Resolution 
of this difference seems possible only on the basis 
that in the same individual there are different 
quantitative responses to various antigens. Bru- 
cella seems to be one antigen which is capable of 
eliciting a high antibody response in rheumatic 
disease patients. The known propensity for the 
brucella organism to produce tissue damage in 
mesenchymal structures, the target tissue in rheu- 
matic diseases, possibly suggests a basis for under- 
standing the present results. 

What specific antigens in the brucella organisms 
are responsible for this hyper-response, and what 
other antigens share this property, are questions 
which are still unanswered. In the present series, 
patients with four distinct syndromes shared this 
capacity for developing antibody in high titer to 
brucella antigen. 

Among the systemic lupus erythematosus pa- 
tients, three had measurable antibrucella titers 
even before inoculation of the test brucella anti- 
gen. One of these patients was born in Malta, 
and may have had brucella infection. Its occur- 
rence in the other two systemic lupus erythemato- 
sus patients suggests that perhaps the elevated 
baseline titer represents in them another abnormal 
response in antibody formation among the many 
which characterize this disease. 

Of all the other antibodies studied, only four 
appeared to increase in titer secondarily to stimu- 
lation by brucella antigen. Four of 11 patients 
with systemic lupus erythematosus showed transi- 
ently positive direct antiglobulin (Coombs) tests; 
1 of 5 systemic lupus erythematosus patients 
showed a marked rise in titer of an unusual 
influensa antibody (FM 1); and 3 of 7 rheuma- 
toid arthritis patients showed possible (and 3 
others showed suggestive) rises in latex particle 
fixation titer, admittedly a crude measure of rheu- 
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matoid factor. Anti-thyroglobulin antibodies oc- 
curred after brucella inoculation in 3 of 11 pa- 
tients with systemic lupus erythematosus, and in 
5 of 15 patients with rheumatoid arthritis. In all 
these instances the antibody activities measured 
were actually separate from the brucella agglu- 
tinins. 

In all instances, when positive, the Coombs test 
became positive 2 to 8 weeks after stimulation ; in 
two instances, the presence of an anti-red cell 
factor paralleled a sudden increase in titer of bru- 
cella agglutinins. The very high titer against in- 
fluenza antibody occurred 2 weeks after a second 
dose of 0.1 ml of brucella vaccine. 

Detectable anti-thyroglobulin antibody occurred 
in titers of 16, 2 and 8 in the systemic lupus erythe- 
matosus patients after inoculation. In two of the 
patients (J.H. and R.W.) anti-red cell antibody 
was transiently present at the same time. In the 
third patient (J.E.) the unusual titer to FM 1 
strain of influenza virus, previously alluded to, 
had occurred. Two systemic lupus erythematosus 
patients had anti-thyroglobulin antibody before 
brucella inoculation; these showed no increase in 
their titer of anti-thyroglobulin antibody. 

Prior to stimulation, no patient with rheumatoid 
arthritis had detectable anti-thyroglobulin anti- 
body ; 2 weeks later, 5 of 15 patients tested had de- 
tectable antibody. One of these 5 patients de- 
veloped a titer of 32 at the same time that she de- 
veloped an increase in the latex particle fixation 
titer from 160 to 5,120. 

Thus, of a total of 11 antibody activities stud- 
ied in rheumatic disease patients after brucella 
inoculation, significant alterations (appearance 
de novo or definite increase of titer) were ob- 
served in 4. These alterations occurred in 7 of 
19 patients with rheumatoid arthritis and in 5 of 
11 patients with systemic lupus erythematosus. 
Among the rheumatic disease subjects exhibiting 
this type of reactivity, there was a tendency for 
multiple changes in individual patients. Four 
patients with systemic lupus erythematosus and 
one with rheumatoid arthritis showed alterations 
in two different antibody activities (anti-red cell 
plus anti-thyroglobulin in three patients, anti-red 
cell plus anti-influenza in one patient, and rheuma- 
toid factor plus anti-thyroglobulin in one). 

The significance of this broad spectrum of anti- 
body response to a single antigenic stimulus is 
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obscure. All rheumatic disease subjects did not 
show this phenomenon, but it seems likely that if 
more antibody activities had been measured, more 
It is 


possible, too, that the pattern which appears here 


reactive patients would have been found. 


single antigenic stimulus vielding broad scattering 
of antibody response—may provide a basis for 
understanding the wide range of abnormal anti- 
body activities found in systemic lupus erythema- 
tosus and rheumatoid arthritis. Autoimmunity 
has been thought to require some alteration of a 
normal tissue component to create antigenicity 
of this tissue (13) or the sudden availability of a 
normal tissue component for the immune system 
(16). The present results could be interpreted 
as indicating that the altered host response may be 
a basic defect in some “autoimmune” diseases. 
There is some support for the hypothesis that 
this altered immune response may be genetically 
determined. This possibility has been suggested 
by the findings of serological and clinical abnor- 
malities in the kindred of patients with systemic 


lupus erythematosus and rheumatoid arthritis 
(17-20). 
In these studies no control patient showed re- 


sponse to brucella inoculation in any antibody ac- 


tivity other than that directed specifically against 
brucella; this lends support to the suggested hy- 
Hack- 


(21). however, have recently 


pothesis of an altered immune response. 
ett 
reported that during the course of active immuni- 


and Beech 
zation with heterologous antigens in seven pre- 
sumably healthy young women, two of these, with 
previously demonstrated anti-thyroglobulin anti- 
bodies, developed complement-fixing antibodies to 
liver and kidney tissue. Further studies of this 
sort with larger numbers of subjects may help to 
clarify this issue. 

Seven of the “antibody” activities studied failed 
At- 


tempts to analyze the two groups of antibodies de- 


to participate in the “nonspecific’’ response. 


fined by this response have not yet been carried 
very far. Antibodies have been classified in many 
ways: chiefly either according to the biological 
or physical nature of the antigen, or according to 
the physicochemical characteristics of the anti- 
The 11 


activities against isologous, heterologous and au- 


body. antibodies studied contained 


tologous antigens. The four “responding” anti- 


bodies do not segregate according to this classifi- 
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cation; they include three autologous and one 
heterologous. Antigens may be classified as be- 
ing particulate or soluble. This classification also 
does not serve to single out the “responding * group 
of antibodies. 

Antibodies may be classified by their electro- 
phoretic and sedimentation characteristics into 
three groups: y-2 (7S), y-1-M (or B-2-M) (19S), 
and 8 -2-A, 
fine the antibodies studied according to this classi- 
fication. The antibrucella agglutinins in the pres- 


Attempts are now being made to de- 


ent series have been shown to belong to the y-1-M 
group, as does the rheumatoid factor. It seems 
possible that this approach may be a fruitful one 
and that all the “responding” antibodies may be- 
long to this class. Studies are now under way to 
stimulate antibodies of another class in similar 


patients. 
SUMMARY 


1. Forty-one patients with various rheumatic 
diseases and 27 control patients were inoculated 
with brucella vaccine. 
exhibited a significantly greater rise in antibru- 
with the 
Some overlap in both groups was present. 


As a group the patients 


cella agglutinins compared controls. 

2. Alterations were noted in other antibody sys- 
tems—anti-red cell (Coombs ), anti-thyroglobulin, 
and possibly in the influenza antibody and rheu- 
matoid factor—after this primary stimulation in 
some of the patients with rheumatic diseases, but 
no titers for these antibodies were noted in the 
control patients. 

3. The effect of brucella antigen in these pa- 
tients may be related to the damage that this or- 


ganism can produce on mesenchymal tissue. 
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There is general agreement that the force of 
contraction developed by strips of cardiac muscle 
is a function of the length of the fibers at the on- 
set of contraction (1-3). Similarly, in the isolated 
heart (4), the heart-lung preparation (5) and in 
the open-chest, anesthetized dog (6-8), the energy 
of contraction, as reflected by the external work 
performed by the ventricle, has been shown to be 
dependent upon the ventricular end-diastolic fiber 
length or pressure. These observations have been 
interpreted to be consistent with the concept enun- 
ciated by Starling in his Linacre lecture on “The 
Law of the Heart (9). 

However, no such general agreement exists re- 
garding the applicability of Starling’s law of the 
heart to the circulation of human subjects. This 
lack of information regarding the relationship be- 
tween left ventricular end-diastolic pressure (and 
fiber length) and the characteristics of ventricular 
contraction in man is understandable when it is 
considered that only recently have methods been 
developed which are suitable for the direct meas- 
urement of left ventricular pressure in subjects 
One of the 
experimental approaches which has been employed 


without cardiovascular disease (10). 


to test the validity of Starling’s law has been a 
study of the hemodynamic response resulting from 
acutely induced hypervolemia (11-15). va- 
riety of fluids has been infused in attempts to 
simulate in man the increase in venous return to 
the Starling heart-lung preparation. In several 
such investigations an augmentation of the total 
blood volume has not been associated with a sig- 
nificant elevation of cardiac output (13-15). 

The purpose of the present investigation was 
to define the relationships between left ventricular 
end-diastolic pressure and the characteristics of 
left ventricular contraction in a group of subjects 


without cardiovascular disease. Acutely induced 


hypervolemia was combined with continuous gang- 
lionic blockade in order to produce significant 
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variations in ventricular filling and thus to permit 
an examination of Starling’s law of the heart. 


METHOD 


Six male subjects averaging 25 years in age were stud- 
ied. All had provided informed consent for these stud- 
ies. Five of these subjects were referred to the National 
Heart Institute for cardiac catheterization because of the 
presence of systolic heart murmurs. Clinical examina- 
tion was otherwise negative, chest roentgenograms and 
electrocardiograms were within normal limits, and these 
murmurs were considered to be functional in origin. 
The sixth subject, J.M., a 32 year old male, was studied 
three months after repair of a small ventricular septal 
defect. He had never experienced symptoms of diminished 
cardiac reserve, had not had cardiac enlargement on roent- 
genographic examination and his pulmonary arterial 
pressure was within normal limits (16) prior to opera- 
tion as well as at the time of this study. Three or four 
phlebotomies were performed on each subject over a pe- 
riod of 7 to 10 days and the 1,500 ml of blood so obtained 
was stored in solutions of sodium citrate, citric acid and 
dextrose. The studies were carried out 2 to 4 days after 
the last phlebotomy; the subjects were in a basal, post- 
absorptive state and had received 100 mg of pentobarbi- 
tal orally 30 minutes before their arrival in the labora- 
tory. Local anesthesia was applied to the pharynx by 
means of a Pontocaine (tetracaine) spray; a small rub- 
ber balloon of the type described by Schilder, Hyatt and 
Fry (17) was attached to a plastic catheter and intro- 
duced into the midesophagus. The right saphenous vein 
was then exposed and a right heart catheterization was 
carried out. The pressures in the right side of the heart 
and pulmonary artery were within normal limits (16) in 
all six subjects and an inhaled radioactive krypton test 
(18) carried out with the catheter tip in the pulmonary 
artery confirmed the clinical impression that a left-to- 
right shunt was not present. It was then decided to pro- 
ceed with the remainder of the study; the catheter em- 
ployed for the right heart catheterization was removed 
and transseptal left heart catheterization was carried out 
in a manner described in detail elsewhere (10). After 
introduction of the transseptal needle into the left atrium. 
a polyethylene catheter was passed through this needle 
into the left ventricle. 

A 75 cm polyethylene catheter (PE no. 50) was in- 
troduced through an antecubital vein by means of per- 
cutaneous puncture, and was advanced into the superior 
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vena cava or right atrium. The ganglionic blockade was 
then induced by an intravenous infusion of a thiophanium 
derivative, Arfonad (trimethaphan), a drug which also 
has some direct vasodilatory action (19, 20). The tri- 
methaphan was administered into a peripheral vein by 
means of an infusion pump at a rate which was constant 
for each subject and which ranged from 0.6 to 3.8 mg 
per minute, with an average rate of 1.7 mg per minute; 
it was continued at this rate for the entire study. These 
infusion rates lowered systolic arterial pressure by 31 to 
51 mm Hg, with an average decline of 42 mm Hg (Table 
I). The effectiveness of the reduction of reactivity of 
the vascular system which had been achieved by the tri- 
methaphan was tested by means of the cold pressor test; 
the response of systemic arterial pressure to the im- 
mersion of a foot into ice water for 1 minute was ex- 
amined both before and after the infusion of trimethaphan 
had been begun. In all instances the elevation in ar- 
terial pressure which occurred before the trimethaphan 
infusion was eliminated when the cold pressor test was 
repeated during the trimethaphan infusion. 

Cardiac output and pressures in the brachial artery, 
left ventricle and esophagus were then measured. Then 
the 1,500 ml blood, which had been warmed to body 
temperature, was infused during a period of 30 to 50 
minutes. Cardiac output and pressure measurements 
were carried out at intervals of approximately 10 to 15 
minutes during the infusion. In five of the subjects a 
total of four measurements and in one subject three 
measurements of cardiac output and pressures were made. 

Brachial arterial pressure was measured through an 
indwelling needle by means of a Statham P23A pressure 
transducer. A model P23D transducer was employed for 
the measurement of left ventricular pressure. A Sta- 
tham transducer, model P.M.131T, was utilized for the 
measurement of intraesophageal pressure (17). Cardiac 
output was determined by the indicator dilution technic 
and was calculated in the manner described by Hamilton, 
Moore, Kinsman and Spurling (21). 
dye was injected into the vena cava or right atrium via 


Indocyanine green 
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the polyethylene catheter. Arterial blood was sampled 
through the indwelling arterial needle and pulled through 
a cuvet densitometer (22) by a motor-driven syringe at 
a rate of 20 ml per minute. The response of the densi- 
tometer to an instaneous change in density is 95 per cent 
in 1 second (23). The validity of these technics em- 
ployed in the measurement of the cardiac output had 
first been demonstrated by a comparison with flowmeter 
measurements in the open-chest dog (24). In another 
study, utilizing identical technics, cardiac output was 
measured in duplicate on 20 occasions. The standard 
deviation of the differences between these determinations 
was 182 ml per minute or 6 per cent of the mean value 
of the cardiac output (25). 

Minute work of the left ventricle in kilogram-meters 
per minute was calculated as the product of mean arterial 
pressure in centimeters of H,O, and the cardiac output in 
liters per minute divided by 1,000. Left ventricular stroke 
work in kilogram-centimeters calculated as the 
product of mean arterial pressure in centimeters of H,O 
and the stroke volume in milliliters divided by 100. The 
tension-time index in millimeters Hg X seconds was cal- 
culated from the area under the systolic portion of the ar- 
terial pressure pulse, as described previously (26). Left 
ventricular power in watts was calculated in five sub- 
jects by dividing left ventricular stroke work by the 
duration of systole. The conversion factor utilized was: 
1 watt = 10,180 g-cm per second. The duration of sys- 
tole was calculated as the time interval between the onset 
of the isometric contraction period of the left ventricle 
and the time of aortic valve closure; the latter was de- 
termined by noting the instant at which the left ventricu- 
lar pressure pulse reached the level of the dicrotic notch 
of the brachial arterial pressure pulse. The mean rate of 
left ventricular ejection could be determined in three sub- 
jects; it was calculated by dividing the stroke volume by 
the duration of ejection. In some tracings, artifacts in 
the pressure pulses prevented accurate estimation of these 
time intervals. Left ventricular end-diastolic pressure 
was determined as the difference between left ventricular 
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TABLE I 


Blood pressure and heart rate before and after trimethaphan administration 


Control 

Subject Hematocrit BAP 
mm Hg 
134/80 
34.5 125/71 
28.7 138/70 
35.0 144/64 
35.0 145/82 
38.0 131/69 
Average 


34.8 136/73 


BAP 


101/69 
107/67 
104/60 


Pretransfusion Post-transfusion 


BAP 


HR HR 
mm He 
95/59 
115/81 
105/89 
108/70 
121/73 
122/71 


mm He 
77/48 
93/53 
80/47 
111/71 


94/57 


* The control BAP refers to the brachial arterial pressure (systolic/diastolic) which existed at the onset of the study, 


after the placement of catheters but before the infusion of trimethaphan was begun. 


The BAP and HR (heart rate per 


minute) determined simultaneously with the first dilution curve, i.e., after stabilization of the circulation on trimethaphan 


but before the blood transfusion, are listed under ‘‘pretransfusion.”’ 


Measurements under ‘‘post-transfusion”’ refer to 


observations made simultaneously with the final dilution curve, at the time of completion of blood transfusion. 
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and intraesophageal pressure at the end of diastole. All 
ralues of pressure and of time intervals reported were 
the average of the beats occurring during two respira- 
tory cycles. The mean arterial was obtained 
by electrical integration. 


pressure 


RESULTS 


All subjects were mildly anemic as a result of 


the repeated phlebotomies. Their hematocrits at 
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the time of study ranged from 34.5 to 38.0 per 
cent, except for D.B. in whom it was 28.7 per 
cent. At the time that cardiac output was meas- 
ured for the first time, that is, just before transfu- 
sion, the brachial arterial pressure had been de- 
pressed by trimethaphan and ranged between 
77/48 and 107/67, with an average level of 94/67 
mm Hg. In spite of the hypotension, these sub- 
jects did not present the clinical appearance gen- 
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) (Table 1). The results obtained 
t are shown in Figure 1. 
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The left ventricular end-diastolic pressure at 
the onset of the blood infusion ranged from 1.2 to 


7.6 cm H,O and the average level was 4.8 cm H,O. 


A significant elevation of left ventricular end-dia- 
stolic pressure occurred; at the completion of 
the infusion these pressures ranged from 17.0 to 
33.1 with average of 22.2 cm H.O. 
There were only slight alterations of intraesopha- 
geal pressure during the course of the blood in- 
The maximal change of this pressure in 


an level 


fusions. 
any subject was 3.0 cm H,O and the reported 
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changes of “effective” end-diastolic pressure re- 
sulted primarily from alterations of the recorded 
intraventricular Representative pres- 
sure tracings are reproduced in Figure 2. In 
every instance the cardiac output rose along with 
the left ventricular end-diastolic pressure. The 
left ventricular work per minute and the left ven- 
tricular stroke work, the tension-time index per 
minute and per beat, the left ventricular power, 


pressure. 
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duration of ejection and mean rate of left ventricu- 
lar ejection also rose as the transfusion continued 
and as the effective left ventricular filling pressure 
rose (Figure 1). In five subjects stroke volume 
became elevated as left ventricular diastolic pres- 
sure rose. In the sixth subject (Figure 1 F) the 
stroke volume rose substantially at the beginning 
of the infusion, but declined slightly as it was 
continued, 
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Fic. 2. SIMULTANEOUS PRESSURES RECORDED FROM 


mm.Hg. 


THE LEFT VENTRICLE (L.V.), BRACHIAL ARTERY 


(B.A.) AND ESOPHAGUS (E.B.) BEFORE TRANSFUSION (LEFT) AND DURING TRANSFUSION (RIGHT). 


DISCUSSION 

It is clear from the studies of Sarnoff and his 
collaborators, carried out on open-chest, anesthe- 
tized dogs, that humoral (8) and neurogenic (27, 
28) influences are capable of profoundly altering 
myocardial contractility, i.e., of elevating or de- 
pressing the ventricular function curve. Chap- 
man, Baker and Mitchell have shown that the 
Frank-Starling principle applies to the closed- 
chest, anesthetized dog at rest and that during 
mild exercise the left ventricle operates at differ- 
ent “functional levels,” i.e., with elevated ventricu- 
lar function curves (29). Observations in this 
laboratory have demonstrated that norepinephrine 
is capable of markedly elevating the ventricular 
function curve in the closed-chest, unanesthetized 
dog (30). As has recently been indicated by 
Chapman (31), it would appear likely that hu- 
moral and neurogenic factors also exert similar 
influences in the intact human subject and that 
these factors may sometimes obscure the under- 
lying relationship between ventricular end-diastolic 
pressure and the force of ventricular contraction. 
The purpose of the present investigation was not 
to assess the relative importance of these neuro- 
humoral influences and of the Frank-Starling 
mechanism in the control of cardiac function in 


the intact organism; rather, it was designed to 
determine whether the Frank-Starling mecha- 
nism applies to the human heart when alterations 


of the neurohumoral factors are reduced to a 
minimum. 

In order to accomplish this purpose, it would 
appear essential to relate ventricular end-diastolic 
fiber length or end-diastolic volume to the charac- 
teristics of ventricular contraction. Recent obser- 
vations in the dog have demonstrated that the 
relationship between effective left ventricular end- 
diastolic pressure and segment length is unat- 
fected by stimulation of the cardiac sympathetic 
nerves or of the vagi (32) and by large changes 
of systemic arterial pressure and of cardiac output 
(33). 
absence of tachycardia, changes in the effective 
left ventricular end-diastolic pressure may be uti- 
lized to indicate alterations in left ventricular di- 
Thus, without the availability 


It has also been shown in man that in the 


mensions (34). 
of a suitable technic capable of providing accurate 
serial measurements of left ventricular volume in 
man, left ventricular and intraesophageal pres- 
sures were measured in order to permit measure- 
ment of changes in effective left ventricular end- 
diastolic pressure. 

It is well recognized that when the intraesopha- 
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geal pressure is determined with the subject in the 
supine position, it does not provide an accurate 
measurement of the absolute level of intrapleural 
pressure (35, 36). 
Figure 3 of the paper by Mead and Gaensler (35), 


However, as is evident in 


even in this position, changes in the intraesopha- 
geal pressure satisfactorily reflect alterations in 
the intrapleural pressure. Accordingly, the dif- 
ference between the left ventricular end-diastolic 
pressure and the intraesophageal pressure was 
Although no claim 
is made that the absolute effective end-diastolic 


measured during this study. 


pressure was provided by these measurements, it 
is felt that the magnitude of changes in effective 
left ventricular end-diastolic pressure which oc- 
curred as a result of the infusion could be deter- 
mined with accuracy in this manner. 

The importance of reflexes mediated through 
the autonomic nervous system in the control of 
myocardial contractility (27), as well as of the 
tone of the venous (37, 38) and arteriolar (39) 
heds is now well established. Rapid expansion of 
the blood volume could be expected to stimulate 
baroreceptors in the carotid sinuses, the aortic 
arch, the heart and lungs, as well as in the ve- 
nous beds. As a consequence, it would be antici- 
pated that a decline in ventricular and atrial con- 
tractility (27), bradycardia, venodilatation (37) 
and arteriolar dilatation (39) would occur. In 
this manner, reflex depression of the circulation 
could be expected to limit any augmentation of 
cardiac performance which might result from an 
increase in left ventricular end-diastolic fiber 
length, if the Frank-Starling mechanism were op- 
erative. In support of this hypothesis, it has been 
shown that the infusion of 1,500 ml of blood into 
intact subjects did not result in an augmentation 
of the central blood volume, of cardiac output and 
of cardiac work. It was postulated that the trans- 
fusion led to reflex venodilatation which, in turn, 
resulted in a tendency for the infused blood to 
pool in the venous system and thereby to diminish 
the volume of blood in the hear. and lungs. How- 
ever, when in the same subjects the activity of the 
autonomic nervous system was reduced by means 
of a ganglionic blocking agent, the transfusion of 
1,500 ml of blood resulted in a striking augmenta- 
tion of central blood volume and of cardiac output 
and work (15). 


vations in mind, it was considered that in order 


Accordingly, with these obser- 
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whether the left ventricular end- 


diastolic pressure is a fundamental determinant of 


to ascertain 


left ventricular performance, the blood should be 
infused after inhibition of the autonomic nervous 
system. The present investigation was there- 
fore performed with the subjects receiving a con- 
tinuous infusion of trimethaphan. The dose of 
this drug was sufficient to lower the arterial pres- 
sure significantly and to abolish the elevation of 
arterial pressure which normally occurs during 
the cold pressor test (40). It was thought that 
these hemodynamic alterations were produced by 
the ganglionic blocking activities of the drug (19, 
40). 


artery disease in any of the subjects studied, it is 


Since there was no evidence of coronary 


considered unlikely that the moderate hypotension 
induced by the trimethaphan interfered sufficiently 
with coronary perfusion to depress cardiac func- 
tion. This view is also supported by the observa- 
tion that electrocardiographic alterations associated 
with myocardial ischemia did not occur. 

In all six subjects studied the blood transfu- 
sion resulted in a striking elevation of left ven- 
tricular end-diastolic pressure. The magnitude of 
this increase in pressure is presumably related to 
the large increase in ventricular diastolic volume 
which is believed to have accompanied the trans- 
fusion. This was accompanied by an augmenta- 
tion of left ventricular performance ; the latter was 
evidenced by the increases which occurred in the 
cardiac output per minute and per stroke, the left 
ventricular work per minute and per stroke, the 
power (work per systolic second) of the left ven- 
tricle and the mean rate of left ventricular ejection 
(Figure 1). In addition, the tension-time index 
per minute and per beat also rose along with left 
ventricular end-diastolic pressure. The tension- 
time index has been shown in previous studies 
(26) to be the hemodynamic parameter which cor- 
relates most closely with myocardial oxygen con- 
sumption. These results then are in accord with 
the concept that Starling’s law of the heart ap- 
plies to the human subject. 

An abbreviation of left ventricular systole gen- 
erally accompanies the augmentation of cardiac 
performance which results from sympathetic stim- 
ulation (28); in these experiments, however, the 
duration of left ventricular systole increased ( Fig- 


ure 1: B, Cand F). These results are not unex- 


pected, since the observations were carried out 
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during ganglionic blockade and are compatible with 
the view that the hemodynamic changes observed 
reflected properties inherent in the cardiac muscle. 

It was demonstrated in earlier studies carried 
out in this laboratory that marked alterations in 
left ventricular end-diastolic segment length and 
pressure occur as a consequence of variations in 
the duration of filling in the presence of atrial 
fibrillation (34) or as a result of variations in the 
effectiveness of atrial contraction in atrioventricu- 
lar dissociation (41); the force of left ventricu- 
lar contraction was found, in each instance, to be 
a function of the left ventricular end-diastolic seg- 
ment length and, in the absence of tachycardia, of 
the left ventricular end-diastolic pressure as well. 
These results are entirely in accord with those ob- 
tained in the present investigation in which a dif- 
ferent technic for varying ventricular filling was 
utilized. Evidence has also been presented re- 
cently that the force of atrial contraction in man 
is a function of the atrial pressure existing at the 
onset of atrial contraction (41), suggesting that 
the atria as well as the ventricles behave in ac- 
cordance with Starling’s law of the heart. 

SUMMARY 

This investigation was designed to determine 
whether Starling’s law of the heart is applicable to 
man. Changes in effective left ventricular end- 
diastolic pressure were determined by measuring 
left ventricular pressure with a catheter introduced 
through the atrial septum, and intraesophageal 
The activity of the au- 
tonomic nervous system was reduced with an in- 


pressure with a balloon. 


fusion of Arfonad (trimethaphan ), which was con- 
tinued at a constant rate throughout the study. 
The reduction in circulatory reactivity produced by 
this drug was indicated by the absence of an ar- 
terial pressure elevation during the cold pressor 
test. Measurements of cardiac output, stroke vol- 
ume, left ventricular work, power, tension-time in- 
dex, and of the duration and mean rate of left 
ventricular ejection were carried out before, dur- 
ing the course of, and upon completion of a trans- 
fusion of 1,500 ml of the subject's own blood. 
This transfusion resulted in a significant eleva- 
tion of left ventricular end-diastolic pressure in 


each subject, the average level rising from 4.8 to 


em H,O. 
tricular end-diastolic pressure rose, left ventricu- 


In each subject, as the left ven- 
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lar performance, as reflected in the parameters 
listed above, also became augmented. These data 
are consistent with the hypothesis that under the 
conditions of these experiments the end-diastolic 
pressure is an important determinant of the char- 
acteristics of ventricular contraction and that Star- 
ling’s law of the heart is applicable to man. 
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When anti-inflammatory therapy is reduced or 
discontinued in patients with acute rheumatic fe- 
ver, a flare-up of disease activity frequently oc- 
curs, manifested by clinical abnormalities or by 
changes only in laboratory tests. The nature of 
this rebound phenomenon was recently analyzed 
in a retrospective survey of 265 patients with acute 
rheumatic fever (1,2). The results indicated that 
most clinical rebounds were not due to any of the 
three possible causes to which they have been at- 
tributed in the past: 1) polycyclic rheumatic ac- 
tivity, 2) an insufficient duration of therapy or 3) 
relative hypoadrenalism. Instead, the data strongly 
suggested that these rebounds represented the ap- 
pearance of the inflammation that had been sup- 
pressed during the antirheumatic therapy. This 
hypothesis was based on the findings that the in- 
cidence of clinical rebounds increased with greater 
severity of cardiac involvement, that rebounds were 
more frequent in patients treated with steroids 
alone than in those treated with salicylates, that re- 
bounds were more likely to occur after long courses 
of steroid therapy than after short courses, that 
they were rare after long courses of salicylates, 
and finally, that the incidence of post-steroid re- 
bounds could be reduced by adding’ salicylates 
when the steroid reduction began, and by continu- 
ing salicylates for several weeks after steroids were 
stopped. 

This new hypothesis has important implications 
regarding the natural history of rheumatic fever 
and has practical significance for its treatment. 
One of the implications has been used in the pres- 
ent study to provide a method of testing the valid- 
ity of the theory. If the hypothesis is correct, it 
should be possible to “create” a rebound by giving 
anti-inflammatory therapy at a time when the con- 
valescent rheumatic patient has no clinical abnor- 
malities but is still in a subclinical inflammatory 


* Work performed in part during tenure of a Fellow- 
ship from the New York State Department of Health. 


state. The use of profoundly suppressive therapy 
at this time might permit the remaining sup- 
pressed inflammation to reach an amount large 
enough so that clinical abnormalities occur when 
the treatment is discontinued. The occurrence of 
such an event had been noted previously (2) in 
one asymptomatic patient who was inadvertently 
given a short course of steroid therapy several 
weeks after his previous treatment had been dis- 
continued and who had a clinical rebound when 
the steroid treatment was stopped. 

The present work was undertaken as a pros- 
pective study of these phenomena in an effort to 
confirm or reject the proposed theory. The re- 
sults, as noted below, confirm the new hypothesis. 


CLINICAL MATERIAL AND METHODS 


The patients ranged in age from 4 to 18 years and had 
all been admitted to Irvington House during the period 
beginning April 1959 for either acute or convalescent 
care of an attack of rheumatic fever which, in each in- 
stance, fulfilled the modified Jones diagnostic criteria 
(3). Because the initial course of anti-inflammatory 
therapy was usually begun elsewhere, the patients had 
been treated in different ways and for different lengths 
of time. Some had received only salicylates and some 
only steroids. Some had received “overlap” therapy in 
which salicylates were added to steroids and continued 
after the steroids were stopped, while others had _ re- 
ceived “combined” treatment in which steroids and salicy- 
lates were used together in a variety of ways other than 
the “overlap” technique. 

After admission to Irvington House, anti-inflammatory 
treatment was begun, altered or concluded according to 
the individual clinical situation. In general, treatment 
was concluded within 12 weeks after onset of the acute 
rheumatic attack. In addition, the patients received oral 
prophylaxis daily, with sulfadiazine, 1.0 g, or with potas- 
sium penicillin G, 200,000 U, to prevent streptococcal in- 
fections. The absence of such infections during the pres- 
ent study was assured by periodic throat cultures and 
measurement of streptococcal antibodies. 

After their initial treatment was stopped, some pa- 
tients may have had a reappearance of rheumatic ac- 
tivity with laboratory or clinical abnormalities, and the 
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Clinical rebounds No evidence of 

moy have occurred ocute clinical 

here activity at this 
time 


initio! course 


of suppressive 


Re-treatmeant: 


—— VARYING 1! MONTH WEEKS— 


DURATIONS 


Fic. 1. PLAN OF EXPERIMENTAL THERAPY 


PRESENT STUDY. 


USED IN 


latter sometimes received additional treatment before 


these derangements subsided. Patients became eligible 
for the present study after they had been without any 
anti-inflammatory therapy for 1 month. Although they 
may have had rebounds during that interval, they in- 
variably had no clinical symptoms or signs of rheumatic 


The 


l-month interval was chosen because of previous demon- 


activity when the experimental study began. 
strations (1) that post-therapeutic rebounds usually oc- 


? 


curred within 2 weeks and were rare beyond 4 weeks 


after cessation of therapy. Therefore, when the experi- 
mental study was begun, all patients were beyond the 
“clinical rebound period” of their initial course of therapy. 
They were convalescent, asymptomatic and free of clinical 
evidence of acute rheumatic activity. 

The 


experimental treatment was begun exactly 1 month after 


The plan of the experiment is shown in Figure 1. 


the previous anti-inflammatory treatment was stopped, 
and was continued for 2 weeks with one of the follow- 


TA 


Status of patients befo 


Cardiac status Previous treatment 
Steroids or ‘“‘combined” 
Salicylate 

“Overlap” 


No valvular 
involvement 


Subtotal 


Steroids or “combined” 
Salicylate 
“Overlap” 


Valvular in- 
volvement 
without 
significant 
cardiomegaly Subtotal 
Steroids or ‘‘combined” 
Salicylate 

“Overlap” 


Valvular in- 
volvement 
with 
significant 
cardiomegaly Subtotal 

Steroids or “combined” 
Salicylate 

“Overlap” 


Entire group 


Total 
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ing regimens: J) prednisone, 60 mg per day for 1 week 
and 40 mg per day for the second week; 2) aspirin, *4 
grain per lb per day for 1 week and % grain per lb per 
day for the second week; 3) no therapy (control group). 

For allocation into the experimental therapeutic groups, 
the patients were divided into three clinical categories. 
One group was considered to have “no valvular in- 
volvement” because they lacked significant cardiac mur- 
murs, according to criteria which have been described 
elsewhere (1, 4, 5). The second group of patients had 
“valvular involvement” with no significant cardiac en- 
than 1-4 
“valvular involvement” 
After 


one of the three cardiac categories, each patient 


largement, i.e., no chamber more enlarged. 


with sig- 
into 


The third group had 
nificant cardiac enlargement. classification 
Was 
allocated consecutively to one of the three experimental 
therapeutic groups. Because the number of patients was 
relatively small and because the consecutive order of al- 
location to the three therapeutic groups was _ tollowed 
rigorously within the clinical categories, the use of sta- 
tistical random-number tables was not considered neces- 
sary. The plan for assignment of experimental therapy 
did not classify patients according to their previous treat- 
ment because the variations in its agent(s) and duration 
were too great. The most effective randomization seemed 
to be provided by considering the cardiac status and by 
maintaining the common property of being therapy-free 
for 1 month before onset of experimental treatment. 
During the study the patients were observed for changes 
in clinical status and vital signs. Laboratory measure- 
ments were made of hematocrit, white blood cell count, 
(Westergren and Wintrobe, uncor- 


sedimentation rate 


rected), serum C-reactive protein, and occult blood in 
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re experimental treatment 


Types of post-therapeutic rebounds 
No. of 
patients Clinical 


None Laboratory 
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10 
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TABLE II 


Relationship of clinical status and types of rebounds after 2 weeks of experimental suppressive 


therapy in patients with subsiding rheumatic fever 


Experimental 
Clinical status therapy 
Prednisone 
Aspirin 
Control 


No valvular 
involvement 


Subtotal 
Prednisone 


Aspirin 
Control 


Valvular in- 
volvement 
without 
significant 
cardiomegaly Subtotal 
Prednisone 
Aspirin 
Control 


Valvular in- 
volvement 
with 
significant 
cardiomegaly Subtotal 
Prednisone 
Aspirin 
Control 


Entire group 


Total 


patients 


* 


Types of rebounds after experimental therapy 


Clinical 
rebound 


Laboratory 
rebound 


No. of No 


rebound 


11 3 
10 10 
11 10 


* Treatment given 1 month after cessation of previous therapy. 


the stools These observations were 


made before, during, and after the experimental period 


(by guaiac test). 
of therapy. Three-position chest X-rays with barium 
were taken before and after the experimental therapy. 
The criteria used for post-therapeutic clinical and lab- 
oratory rebounds have been defined elsewhere (1, 2) and 
will be reviewed here only briefly: A laboratory rebound 
consisted of an elevation either in sedimentation rate 
(over 20 mm per hour) or in C-reactive protein (trace 
A clini- 
cal rebound was a laboratory rebound with associated 


or higher), without any clinical abnormalities. 


clinical abnormalities. These could be manifested by 


fever, sleeping tachycardia, joint symptoms, or new 


features of carditis. 
RESULTS 


Status of patients before experimental therapy 
(Table 1). Table I shows the situation of the 
present group before the beginning of experi- 
In the entire group, the initial 
treatment was followed by clinical rebounds in 6 
of 31 patients who received salicylate, in 14 of 43 


mental treatment. 


who received steroids or ‘“‘combined” treatment, 
and in 1 of 14 treated with the “overlap” regi- 
The incidence of clinical rebounds increased 
Lab- 


men. 
with increasing severity of cardiac damage. 


oratory rebounds were common, and bore some- 
what similar relationships to the clinical state 


and the therapeutic agent. The results noted in 
this group are almost identical with those observed 
in other patients during earlier surveys (1, 2) of 
rebound phenomena and demonstrate that while 
no initial course of suppressive treatment was 
entirely able to avoid post-therapeutic clinical re- 
bounds, the latter were more frequent after ster- 
oids and less frequent when salicylates were given 
alone or in such a way as to “overlap” the ster- 
oids, 

Incidence of rebounds after experimental ther- 
apy (Table II). 


study. Of the 29 who were experimentally treated 


There were 88 patients in the 


with prednisone, 9 had clinical rebounds and 13 
had laboratory rebounds after prednisone was dis- 
continued. Of the 29 patients treated with aspirin, 
1 had a post-therapeutic clinical rebound and 3 had 
In the 30 control patients, 
there were no clinical rebounds and 3 laboratory 


laboratory rebounds. 


rebounds. 

Within the cardiac categories, the incidence of 
post-prednisone rebounds was the same in patients 
with no valvular involvement as in those who had 
valvular involvement without significant cardio- 
megaly (3 of 11 in the first group and 2 of 11 in 


the second). No clinical rebounds occurred in the 
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salicylate or control groups for either of these two 
clinical categories. In the group with significant 
cardiomegaly, the short course of salicylate was 
followed by a clinical rebound in 1 of 7 patients, 
while prednisone therapy provoked a clinical re- 
bound in 4 of 7 patients. No clinical rebound oc- 
curred in the untreated group. 

Within the experimentally treated prednisone 
group, therefore, the incidence of clinical rebounds 
was greater in patients with cardiomegaly than 
in those with no or slight heart damage. Aspirin 
therapy had effects significantly different from 
those in the control group only in patients with 
significant cardiac enlargement. 

It is apparent that the short course of experi- 
mental therapy was able to induce clinical re- 
bounds in patients who might otherwise have 
continued their course without complication if left 
untreated. The features 
bounds and the number of patients in whom they 
occurred were as follows: fever, 5; tachycardia, 1; 


of these clinical re- 


fever and tachycardia, 1; fever, tachycardia and 
erythema marginatum, 1; arthralgia, 1 ; congestive 
heart failure, 1. All these manifestations subsided 
spontaneously without retreatment except for the 
The latter occurred in a pa- 
tient with cardiomegaly who received prednisone ; 


congestive failure. 


its clinical features disappeared with digitalis and 
diuretics. 

Correlation between the previous post-thera- 
peutic rebounds and those which followed the ex- 
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perimental course of therapy (Table III). Table 
III shows the relationship between the events in 
the 1-month interval which preceded experimental 
therapy and the events which followed it. In pa- 
tients who had no rebound after their previous 
course of treatment, experimental therapy was not 
able to provoke a clinical rebound, although labo- 
ratory rebounds occurred in 6 of the 13 patients 
who received prednisone, in 1 of 8 who received 
salicylate and in 1 of the 9 controls. In patients 
whose previous therapy was followed by a labora- 
tory rebound, the experimental course of salicylates 
produced essentially the same results as those seen 
in the control group: no clinical rebounds occurred 
and only 2 of the 26 patients had laboratory re- 
bounds after the experimental period. By con- 
trast, 6 of the 11 patients in this category who 
were treated with steroids had clinical rebounds 
and the other 5 had laboratory rebounds. 

In the group of patients whose previous course 
of therapy was followed by a clinical rebound, 
there were no clinical rebounds in the controls. 
Subsequent clinical rebounds occurred in 1 of 
the 9 who were experimentally treated with salicy- 
lates, and in 3 of the 5 patients who received 
steroids. 

These data show that the experimental re- 
treatment with prednisone provoked either a 
laboratory rebound or a clinical rebound in all pa- 
tients who had had evidence of rheumatic activity 


after their previous course of therapy. It pro- 


Correlation between rebounds which followed the initial course of therapy and those which 
followed the experimental 2-week course of therapy 1 month later 


Nature of rebound 
after initial course 
of therapy 


Experimental 
therapy 


None Prednisone 
Aspirin 


None 
Total 
Prednisone 


Aspirin 
None 


Laboratory 


Total 


Prednisone 
Aspirin 
None 


Clinical 


Total 


Types of rebounds after experimental therapy 


No. of — 
patients 


None Clinical 


Laboratory 


13 6 0 


0 
0 
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TABLE 


Relationship of previous therapy to experimental therapy and the rebounds after experimental therapy 


Experimental 
Previous therapy therapy 


Prednisone 
Aspirin 
None 


Steroids or ‘‘combined”’ 


Subtotal 


Aspirin Prednisone 
Aspirin 
None 


Subtotal 


“Overlap” Prednisone 
Aspirin 
None 


Subtotal 


Total 


voked a clinical rebound in more than half of the 
patients whose first course of treatment was fol- 
lowed by only a laboratory rebound. These ef- 
fects did not appear after the experimental treat- 
ment with salicylate. In this group, laboratory 
rebounds occurred in only 3 patients and clinical 
rebound in only 1. With the exception of the 
latter patient, the results of the experimental treat- 
ment with salicylate did not differ significantly 
from those of the control group. By contrast, 
none of the experimental therapeutic regimens was 
able to alter the course of the disease when rheu- 
matic activity had subsided completely without 
rebound after the previous course of therapy. 
Relationship of previous therapy to experi- 
mental therapy and postexperimental rebounds 
(Table IV), This table shows the occurrence of 
rebounds after experimental therapy in relation 
to the therapy which had been given before the 
experimental period. The three experimental 
regimens were divided about equally among the 
patients in each of the three “previous therapy” 
groups. Of the 43 patients who had been previ- 
ously treated with steroid or “combined” therapy, 
9 had clinical rebounds after the experimental 
treatment. The only salicylate-induced clinical 
rebound in this study occurred in 1 of these pa- 
tients. Of the 31 patients treated with salicylate 
only, none developed clinical rebounds in response 
to experimental treatment. One of the 14 “over- 


IV 


Types of postexperimental rebounds 
No. of 
patients None Laboratory Clinical 


3 
12 
12 
27 


lap” patients had a clinical rebound after the sub- 
sequent course of prednisone. 

Table I shows that clinical or laboratory re- 
bounds may have occurred after the initial course 
of therapy in all three types of therapeutic regi- 
mens, less frequently in the salicylate group. 
Table IV shows that patients treated initially with 
salicylate failed to develop clinical rebounds after 
experimental therapy and that the greatest sus- 
ceptibility to the experimental rebounds was in 
patients treated initially with steroids or “non- 
overlapping” combined therapy. 

Effect of experimental treatment upon the 
erythrocyte sedimentation rate (Figure 2). With 
minor numerical differences, the Westergren and 
uncorrected Wintrobe sedimentation rates showed 
identical variations. For convenience of illustra- 
tion the Wintrobe rates have been used in Figure 2. 

Using a value of 20 mm per hour as the upper 
limit of normal, the sedimentation rates in the 
“no valvular involvement” group were abnormally 
elevated before experimental therapy in 3 of 11 
controls, in 4 of 10 patients who received aspirin, 
and in 3 of 11 treated with prednisone. In the 
patients with noncardiomegalic “valvular involve- 
ment,” the pretreatment sedimentation rate was 
elevated as follows: controls, 5 of 12; aspirin, 6 
of 12; prednisone, 4 of 11. In the group with 
significant cardiomegaly, an abnormal pretreat- 
ment sedimentation rate was found as follows: 


i 

14 1 1 
13 1 0 
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12 10 2 0 
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controls, 5 of 7; aspirin, 4 of 7; prednisone, 4 
oI /. 

The pretherapeutic values of the sedimentation 
rate and the response to experimental treatment 
are shown in Figure 2. In all three clinicai cate- 
gories of the control group, the erythrocyte sedi- 
(ESR) 
showed only slight changes. 
mental salicylate treatment, the ESR rose in 9 
patients and fell when treatment was discontinued ; 
in the other patients it remained the same or de- 
clined slightly. [This paradoxical rise in sedimen- 
tation rate with aspirin has been noted in the past 
It appeared mainly in patients who showed 
some gastric intolerance of the drug. Its mecha- 
nism is obscure; it may be related to gastritis or 
to occult bleeding.| By contrast, the ESR fell 
during treatment in all prednisone patients, re- 


mentation rate remained the same or 


During the experi- 


(0). 
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gardless of its initial value. In almost every in- 
stance, the ESR after treatment was higher than 
its pre-prednisone value. These data suggest that 
steroid therapy suppresses inflammation pro- 
foundly (as measured by sedimentation rate) and 
is followed by recrudescence of the inflammation 
to levels greater than those which existed previ- 
ously. 

The heavy black lines in Figure 2 show the 
course of the patients who developed clinical re- 
bounds after the experimental therapy was stopped. 
In 6 of these 10 patients the sedimentation rate 
was above 20 before experimental treatment and 
in 8 it was above 20 at the time of the clinical 
rebound. The 2 patients without a high sedimen- 
tation rate at that time had abnormal values for 
serum C-reactive protein. The variations in reac- 
tion of these parameters presumably reflect the 
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different capacities with which they measure the 
existence of inflammation in different patients. 
Effect of experimental treatment upon the se- 
rum C-reactive protein (Table V). The values 
found here parallel those observed with the sedi- 
mentation Of the 29 patients receiving 
prednisone, 2 had an abnormal value before the 


rate. 


experimental therapy, none had an abnormal value 
during therapy and 6 had abnormal tests after- 
ward, Five patients on salicylate treatment had 
a pretherapy elevation in C-reactive protein which 
became normal thereafter. In 7 patients, abnormal 
values for C-reactive protein appeared during ther- 
apy but were negative previously and afterward. 
The effect of salicylate in elevating this acute 
phase reactant is consistent with its effects, noted 
simultaneously, upon sedimentation rate and with 
those noted in earlier experiments with serum 
transaminase (7). In the control group, 3 patients 
had abnormal values before treatment, 1 during 
treatment and none thereafter. 

Changes in hematocrit during and after ex- 
perimental treatment (Table VI). The hemato- 
crit values during and after treatment were com- 
pared in all patients with those which were pres- 
ent before the experimental treatment began. The 
changes are listed in Table VI. In the control 
group there was no essential difference during or 
after treatment. The mean hematocrit of the 
salicylate group fell during treatment while that 
of the prenisone group rose. Both mean changes, 
compared with those of the control group were 
statistically significant. Within 1 to 2 weeks after 
stopping the experimental treatment, the hemato- 
crit returned to its previous levels with no sig- 


TABLE V 


Behavior of C-reactive protein in relation to experimental 
therapy 


No. of patients with 
abnormal C-reactive 
protein 


After 
therapy 


During 
therapy 


Before 
therapy 


No. of 
patients 


Experimental 
therapy 


Prednisone 
Aspirin 
Control 


*The 5 patients with pretherapy elevations in C-re- 
active protein had no abnormalities thereafter. 

+ The 7 patients whose abnormal C-reactive protein 
appeared during therapy did not have it previously. 
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TABLE VI 
Changes in hematocrit during and after experimental treat- 
ment, compared with pretreatment value 


Mean changes in hematocrit 
No. of 
patients During treatment 


Treatment After treatment 


29 
30 


+3.3* + 3. 
—1.4* + 3. 
O+ 


Prednisone 

Aspirin 

Controls 
the 
the 


means and that of 
standard error of 


* The difference between these 
controls is more than twice the 
sampling. 

Tt The difference between these means and that of 
controls is not more than twice the standard error of 
sampling. 


the 
the 


nificant difference between the treatment groups 
and the controls. 

Changes in white blood cell count during experi- 
mental treatment; other changes. As was ex- 
pected (8), all patients receiving the experimental 
course of prednisone had an elevation in white 
blood cell count during the 2-week treatment pe- 
riod; the white counts returned to their previous 
levels shortly after treatment was stopped. Sa- 
licylate had no effect upon the white count. 

The stool guaiac test became positive in 2 pa- 
tients who received salicylate therapy and _ be- 
came negative after treatment was stopped. There 
were no abnormalities in the stool guaiac tests of 
patients who received prednisone or in the con- 
trol group. There were no significant changes in 
the cardiac size of any patients, during or after 
therapy, as measured by three-position chest 
X-rays. 


DISCUSSION 


These data provide the first evidence that re- 
bounds of clinical activity in rheumatic fever can 
be deliberately produced by the use of an ap- 
parently benign therapeutic procedure. A 2-week 
course of anti-inflammatory therapy, given to 
asymptomatic rheumatic patients in a convales- 
cent state after an acute attack, was followed by 
a recrudescence of clinical activity in 9 of 29 pa- 
tients who received prednisone and in 1 of 29 who 
received aspirin. The untreated control group 
remained asymptomatic. Clinical rebounds after 
the experimental therapy occurred only in patients 
who had shown some clinical or laboratory evi- 
dence of rheumatic activity following their original 
course of suppressive treatment and only in pa- 
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tients whose original treatment included steroids. 

The results have several sets of implications: 

A. They help confirm, and can be explained only 
by, the hypothesis that a rheumatic post-thera- 
peutic rebound represents the reappearance of the 
inflammation which was previously suppressed. 
The alternative explanations for the events noted 
in the present study and the evidence against them 
are as follows: 7) Recurrent episodes of rheu- 
matic fever did not cause the flare-ups because 
there had been no associated streptococcal infec- 
tions. 2) Polycyclic rheumatic activity was un- 
likely, since it did not appear in the control group 
and because the flare-ups noted here were so 
heavily localized in the prednisone group. 3) A 
nonspecific reaction, perhaps hypoadrenalistic, to 
steroid cessation is an unlikely explanation for 
these reasons: a) a clinical rebound occurred in a 
salicylate-treated patient; >) the rebounds were 
more frequent in patients with more severe heart 
disease ; ¢) in two patients the rebounds had clini- 
cal features characteristic of acute rheumatic fever 
—erythema marginatum and congestive heart 
failure—and were not merely nonspecific inflam- 
matory responses; and d) the experimental post- 
steroid symptoms did not occur randomly but 
appeared only in patients who had had some form 
of rebound previously after their initial course of 
therapy. Patients who had had no evidence of 
rheumatic activity after their initial therapy were 
clinically unresponsive to the experimental steroid 
treatment. 

B. The explanation which best fits these and 
previous (1, 2) data is that an attack of rheu- 
matic fever is associated with a stimulus or sub- 
stance which produces inflammation and which is 
then consumed or dispersed in the inflammatory 
process. The usual course is for the inflammation 
to create clinical manifestations at first, to be- 
come subclinical later, and finally to cease. In 
most attacks of rheumatic fever, there seems to be 
a finite amount of this hypothetical substance ; it 
creates a finite amount of inflammatory reaction 
and is dispersed by it in a finite length of time. 
The amount of this substance, and hence of the 
inflammation, will vary with individual rheumatic 
attacks and with individual patients, and will de- 
termine the severity of the attack, the residual 
cardiac damage, and the duration of measurable 
abnormalities (9) in laboratory tests. 
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Therapy with steroids or salicylates or both 
will generally suppress the inflammation and will 
reduce the severity of its clinical and laboratory 
manifestations. Although the expression of in- 
flammation may be suppressed, the underlying dis- 
ease remains active and the production of the hy- 
pothetical substance continues. The salicylates or 
subtherapeutic doses of steroids will suppress 
inflammation only partially, so that it is mani- 
fested by laboratory abnormalities without as- 
sociated clinical features. During the period of 
partial suppression, some of the hypothetical sub- 
stance can be dispersed as the subclinical inflam- 
mation proceeds. When the suppression of in- 
flammation is total, as with large doses of steroids, 
little or no dispersion occurs and the substance 


accumulates. When the total or partial suppres- 


sion ceases, the clinical or laboratory magnitude 
of the inflammation which then appears will de- 
pend upon how much of the substance remains to 


be dispersed. 

This hypothesis explains the types of rebounds 
seen in earlier surveys (1, 2) of initial treatment 
of rheumatic fever. It also explains the present 
findings that profound suppression of rheumatic 
inflammation, at a time when it has reached sub- 
clinical ‘levels but has not yet ceased, may be fol- 
lowed by clinical manifestations later when the in- 
flammatory reaction resumes. These concepts ap- 
pear to apply equally well to the rebound events 
noted in treatment of acute thyroiditis (10) and 
invite analogy regarding autoimmune phenomena 
in rheumatic fever. 

C. These concepts do not apply to a small per- 
centage of severely ill patients with rheumatic fe- 
ver who show “chronic” or unusually prolonge 
clinical rheumatic activity (11) with spontaneous 
remissions and recrudescences unrelated to pre- 
ceding therapy. There were no such patients in 
the present study. 

D. Finally, the data indicate that anti-inflam- 
matory drugs, particularly steroids, should not be 
given to patients with rheumatic fever who do not 
show acute clinical abnormalities, since the ther- 
apy itself may provoke a recrudescence of clinical 
activity and iatrogenic “chronicity” of the disease. 
This is particularly pertinent in situations where 
resumption of therapy is contemplated because its 
initial cessation was followed by abnormalities 


only in acute phase reactants. Previous work has 
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shown that these “laboratory rebounds” subside 
spontaneously (1, 2) and the present data show 


that their treatment may provoke clinical rebounds. 


SUMMARY 


A 2-week course of treatment with prednisone 
or aspirin was given experimentally to clinically 
asymptomatic patients who were convalescing 
from acute rheumatic fever. The experimental 
treatment was begun exactly 1 month after the 
initial course of suppressive treatment was ended. 
When the experimental therapy was stopped, a 
recrudescence of clinical rheumatic activity oc- 
curred in 9 of 29 patients treated with prednisone, 
in 1 of 29 treated with aspirin and in none of 30 
controls. The experimental clinical rebounds, 
which were more frequent in patients with severe 
cardiac damage, occurred only in patients who 
had shown clinical or laboratory evidence of rheu- 
matic activity after their previous course of treat- 
ment and only in those whose previous treatment 
included steroids. 

The experimental treatment with prednisone 
caused a fall in the sedimentation rate of all pa- 
tients (regardless of its initial value) and its dis- 
continuation was followed by a rise, often to 
greater than pretreatment levels. It elevated the 
white blood cell count in all patients and caused 
a statistically significant rise in mean hemato- 
crit values. The experimental treatment with 
aspirin caused paradoxical rises in sedimentation 
rate and C-reactive protein in about one-fourth 
of the patients; it produced positive stool guaiac 
tests in 2 of 29 patients and a statistically signifi- 
cant fall in mean hematocrit of the group. 

The data are consistent with, and help confirm, 
the hypothesis that the post-therapeutic rebound 
phenomenon in rheumatic fever occurs because 
suppressive therapy, in preventing or inhibiting 
the inflammatory process, also prevents or in- 
hibits the dispersion of the stimulus that causes 
inflammation. The subsequent removal of the sup- 
pressive agent is followed by the resumption of 
inflammation in magnitude proportional to the 
remaining causative stimulus. 
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The results indicate that anti-inflammatory 
treatment should not be begun or resumed for 
patients with rheumatic fever whose acute abnor- 
malities are only in laboratory tests. 
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Acid mucopolysaccharides of human plasma 
have been observed (1) to vary as do acute phase 
reactants, 1.e., to increase nonspecifically in any 
The euglobulin fraction itself 
with which the acid mucopolysaccharides were as- 
On 
later comparing levels of acid mucopolysaccharides 
in samples of serum and plasma drawn simultane- 


inflammatory state. 


sociated increased also in such circumstances. 


ously, it was noted that the acid mucopolysac- 
charides measurable in the euglobulin fraction 
were derived at least in part from the formed ele- 
ments of blood during blood clotting (2). It 
seemed possible, therefore, that the amount of 
plasma protein precipitable as euglobulins by di- 
lution at pH 5.8 might increase in inflammation 
as a result of the release of acid mucopolysac- 
charides into the blood, causing alteration of iso- 
electric point of plasma proteins already present. 
Precedent for such a possibility has been well 
established by the earlier observations of other in- 
the fibrinogen 
and 8-lipoproteins and polyanions (3, 4). The 
possibility as it relates to rheumatoid plasma was 
mentioned in effect also by Badin, Schubert and 
Vouras (5). 


vestigators on interactions of 


To explore this possibility, studies were car- 
ried out on the interaction of chondroitin sulfate 
with the proteins remaining in plasma after iso- 
electric precipitation of spontaneously occurring 
euglobulins by dilution with mineral acid to pH 
5.8. The additional protein available for precipi- 
tation under identical conditions of dilution and 
pH on addition of chondroitin sulfate (the frac- 
tion being called S,) was strikingly increased by 
prior dialysis of the plasma against balanced buf- 
ferred salt solution. This increase was prevented 
if a heat-resistant, organic, dialyzable factor pres- 


ent in a pressure dialysate of plasma was restored 


* This work was supported by grants from the Nationa! 
Institute of Arthritis and Metabolic Diseases, United 
States Public Health Service, and the American Heart 
Association. 


to the dialyzed plasma prior to use. The S, frac- 
tion had a high cholesterol content. The amount 
available for precipitation from nondialyzed plasma 
of rheumatoid patients considerably exceeded that 
of patients without rheumatoid disease, with or 
without other inflammatory processes. 


METHODS 


In dialysis experiments, oxalated plasma was dialyzed 
at 5° C for 21 to 27 hours in Visking 18/32-inch cellulose 
casing against 20 to 50 vol of balanced buffered salt 
solution.! Control plasma was held at 5° C for equal 
time and before use was made to volume (with balanced 
buffered salt solution) exactly equal to that of the dia- 
lyzed plasma (which increased in volume slightly dur- 


° 


ing dialysis). 

In surveying patients, oxalated blood for plasma was 
obtained from three groups of individuals, as previously 
defined in detail (1). Briefly, group I showed no evi- 
dence of inflammatory disease and had negative C-reac- 
tive protein tests; group II had significant inflammatory 
disease unrelated to rheumatoid or other primary con- 
nective tissue disease; and group III had clinically un- 
equivocal active rheumatoid arthritis, in no instance be- 
ing treated with hormones. 

Euglobulins were precipitated from all plasma sam- 
ples by the mineral acid dilution method used previously 
(1), and described briefly in Figure 1. Chondroitin sul- 
fate (General Biochemicals, Inc.) was added, 2 mg per 
ml of physiological saline in volume one-half that of the 
original plasma, to the supernatant diluted plasma, to 
obtain the S, fraction. The entire method of recovering 
fractions is summarized schematically in Figure 1. The 
protein content of euglobulin and S, fractions was de- 
termined by biuret reaction (6), using human serum 
albumin as a standard and expressing content as milli- 
gram equivalence per 100 ml of original plasma. The 
cholesterol content of the fractions was determined after 
extraction with acid isopropyl alcohol and heptane (7), 
by the method of Zlatkis, Zak and Boyle (8). Results 
were expressed as milligrams per 100 ml of original 
plasma. A standard curve of 10, 25, 50, 100 ug of puri- 

1 Ten ml of stock solution (7.5 per cent NaCl, 0.75 per 
cent KCI, 0.1 per cent Na,HPO,, 0.12 per cent KH,PO,, 
0.05 per cent K,HPO,) and 7 ml of 1 per cent Na,HPO, 
per 100 ml, aqueous (total phosphate concentration, 6.7 
10° M). 
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LIPID-PROTEIN FRACTION PRECIPITABLE FROM RHEUMATOID PLASMA 


SEPARATION OF PLASMA FRACTIONS 


PLASMA + HCl 
(OXALATED) 
1 


(.0027N) 


CHONDROLTIN 
SULFATE 
(1 MG./ML. PLASMA) 


PRECIPITATE 


ScHEMATIC SUMMARY OF PLASMA FRACTIONATION 
METHODS USED. Carried out at 5° C. 


Fic. 1. 


field cholesterol was run in duplicate with every set 
of determinations. All plasma fractions were derived 
and run in duplicate both for protein and cholesterol con- 
tent, with close checks easily obtained. 


RESULTS 


Table I illustrates the striking increase in pro- 
tein available for precipitation in the S, fraction 
after dialysis of the original plasma. This was a 
consistent finding with all plasmas. The differ- 
ence was gross, as shown in Figure 2 which com- 
pares the appearances of (a) S, fraction from non- 


TABLE I 


Effect of dialysis of plasma on the protein (biuret) and 
cholesterol content of subsequent euglobulin and S, 
fractions 


Noninflammatory 
plasma Cholesterol 


mg,100 ml plasma 


442 10.0 
259 2.0 


Biuret 


Nondialyzed: 
Euglobulins 
S: fraction 


Dialyzed :* 
Euglobulins 
fraction 


22.0 
45.0+ 


423 
742 


* Dialyzed against 20 vol balanced buffered salt solution, 
pH 7.4, for 21.5 hours at 5° C. 


and (c) dialyzed plasma to which a small amount 
of undiluted plasma dialysate (obtained by cen- 
trifuging plasma in Visking cellulose casing for 8 
to 9 hours at 5° C at 1,000 G) was added before 
fractionation of the plasma. The factor (or fac- 
tors) which restored the dialyzed plasma to its 
nondialyzed state in regard to S, precipitability 
was dialyzable, resisted heating to 100° C for 15 
minutes, but was destroyed by ashing. Addition 
of certain known dialyzable plasma components 


dialyzed plasma, ()) the same plasma after dialysis, and other substances to the buffered balanced 


Fic. 2. Gross EFFECT OF PLASMA DIALYSIS ON SUBSEQUENT S, FRACTION RECOVERED. 
S, fractions (in duplicate) centrifuged at 5° C and photographed after decantation of 
the supernatant fluid. (a) S, from original nondialyzed plasma. (b) S, from same 
plasma after dialysis. (c) S, from same plasma after dialysis and then addition of a 
plasma pressure dialysate before fractionation. 
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104 (>.4) 


EG CHOLESTEROL (MG) 


GROUP II 
(p< * RHEUMATOID 


400 600 800 1000 1200--4000 
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Fic. 3. CoRRELATION DATA ON EUGLOBULIN FRACTIONS, 
CHOLESTEROL AND PROTEIN (BY BIURET) CONTENT (IN MG 
PLASMA). = Correlation coeffi- 
The dotted crossed lines are arbitrarily and identi- 


PER 100 ML ORIGINAL 
cient, 
cally placed in the three boxes as visual reference aids. 


salt solution before dialysis of plasma failed to 
prevent the subsequent increase in S, fraction. 
These included (NH,),SO, (8.3 x 10°*M), 
MgCl, (2 x 10°*M), glucose (7 X 10°°*M), urea 
(3.3 x 10°°M), uric acid (2.4 x 10°°M), glutamic 
acid (1.4 x 10M), and sodium salicylate (2.5 x 
10*M). Restoration of Ca** to the system was 
without effect, and serum could be substituted 
for plasma without apparent alteration of results. 
Prevention of loss of oxalate during dialysis (by 
use of equal concentration outside the casing) did 
not prevent the subsequent increase in S, fraction. 
On the chance that the dialysis effect simply re- 
flected an alteration in labile lipoproteins, as 
noted on dialysis of plasma by Ray, Davisson and 
Crespi (9), the effect of Cu** (1.5 x 10°°M, 4 x 


NON-INFLAMMATORY INFLAMMATORY RHEUMATOID | 


300 


250+ 


200+ 


i50+ 


TOTAL CHOLESTEROL 
(MG PER 100 ML PLASMA) 


GROUPS OF SUBJECTS 


TOTAL PLASMA CHOLESTEROL LEVELS. 


10°M), of serine (4.8 x 10°*M) and of versene 
(0.1 per cent disodium EDTA) was studied ex- 
haustively in the system, with failure to demon- 
strate any change such as Ray and co-workers 
described as a cause of the increased S, after 
dialysis of plasma. The amount of S, obtained ap- 
peared, indeed, maximal when versene was added 
(0.1 per cent) to the balanced buffered salt solu- 
tion used in dialysis. This was precisely the op- 
posite effect from that expected if the S, changes 
had been due to influences on lipoproteins of the 
type described by Ray and associates. 

In surveying plasma of patients for evidence of 
possible biological significance in the above-de- 
scribed observations in vitro, the euglobulin frac- 
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100 200 300 400 500 600 
S, BIURET (MG) 
Fic. 5. CORRELATION DATA ON S, FRACTIONS, CHOLES- 
TEROL AND PROTEIN (BY BIURET) CONTENT (IN MG PER 100 
ML ORIGINAL PLASMA). Dotted crossed lines and yr as in 
Figure 3. 


tions were found to be increased in the inflamma- 
tory groups II and III, as expected from previous 
studies (1). The euglobulin data are summarized 
in Figure 3, which plots protein content of the 
Only the 
rheumatoid group III showed significant corre- 
lation between protein and cholesterol content of 
the euglobulin fraction. Neither the cholesterol 
content nor the percentage of cholesterol in the 
euglobulin fraction correlated with the total plasma 
cholesterol in any of the three groups. Figure 4 
shows the similarity in range of total plasma cho- 
lesterol in the three groups of patients studied. 
Figures 5 and 6 summarize the S, data. Here 
there was high correlation between biuret and 
cholesterol content of the fraction in all three 


fraction against its cholesterol content. 


1902 

r= 199 
| 

| 
| 
| | 
== 
200 | | 

j 
4 
| 

| 

ae 

| 

ky 

| 
| 
re | 
= | 
| 

| 

ne 

. | 
| 
4 


LIPID-PROTEIN FRACTION PRECIPITABLE FROM RHEUMATOID PLASMA 


groups (Figure 5). The amount of lipid-protein 
fraction available for precipitation as S, was con- 
siderably greater in rheumatoid group III than 
in either of the nonrheumatoid groups. In the 
nonrheumatoid groups I and II, those patients 
with the highest percentage of cholesterol in S, 
fraction tended also to be those patients with 
highest total plasma cholesterol (Figure 6). This 
correlation did not exist in the rheumatoid group 
IIT. 

The S, fractions from the three groups of pa- 
tients showed no qualitative differences between 
the groups, either by standard Ouchterlony plate 
techniques (rabbit antiserum to S, fractions ver- 
sus Cohn fractions of human plasma) or by elec- 
trophoretic techniques. However, the quantita- 


tive similarity between the S, fraction from non- 
dialyzed rheumatoid plasma and that from dialyzed 
normal plasma was again emphasized on paper 


electrophoresis (Figure 7). Precipitation bands 
were obtained with S, antiserum against both 


RHEUMATOID NON-DIALYZED 
PLASMA Ss; 


RHEUMATOID DIALYZED 
PLASMA 5S, 


NORMAL NON-DIALYZED 
PLASMA 


NORMAL DIALYZED 
PLASMAS; 


NORMAL 
PLASMA 


NON-DIALYZED 


7. 


original concentration. 
veronal buffer. 


PAPER ELECTROPHORESIS OF S, FRACTIONS, AS INDICATED. 
twofold (taken up to one-half original plasma volume) for use here. 
Run at 10 ma for 7 hours on Whatman no. 3 MM paper in 0.12 M, pH 8.6, 
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Fic. 6. CORRELATION BETWEEN PERCENTAGE CHOLES- 
TEROL CONTENT OF S, FRACTIONS AND TOTAL PLASMA CHO- 
LESTEROLS. r as in Figure 3. 


Cohn fractions I and III by Ouchterlony techni- 
ques, indicating that the S, fraction included 
fibrinogen and 8-lipoprotein among its components. 


All S, fractions were concentrated 
The whole plasma was used at 
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DISCUSSION 


Previous studies (10) have shown that pre- 
dominant spontaneous occurrence of acid muco- 
polysaccharides of human plasma was in Cohn 
fractions III and I\-1.°. In the present studies, 
the lipid-protein fraction precipitable from any 
human plasma with chondroitin sulfate after re- 
moval of spontaneously occurring euglobulins but 
under identical conditions of dilution and pH (S, 
fraction) was found to be rather uniform and high 
in its cholesterol content. The spontaneously oc- 
curring euglobulin fraction of rheumatoid plasma, 
in contrast to that from nonrheumatoid patients 
with or without other inflammatory disease, 
showed uniformity and elevation of cholesterol 
content comparable with that of the S, fraction 
produced artificially by appropriate addition of 
chondroitin sulfate. The possibility can be con- 
sidered therefore that the increased euglobulins 
in rheumatoid plasma may represent in significant 
part plasma protein, the isoelectric point of which 
has been shifted by association with a polyanion 
such as an acid mucopolysaccharide so that it pre- 
cipitates under the im vitro conditions of dilution 
and pH which define precipitability of euglobulins. 

A further difference between rheumatoid and 
nonrheumatoid plasma lay in the presence of sig- 
nificantly increased amounts of demonstrable S, 
fraction in rheumatoid plasma. Any plasma could 
be made to resemble rheumatoid plasma in this 
regard by first dialyzing out of it a heat-resistant, 
organic material which, in turn, could be re-added 
to dialyzed plasma before use to completely re- 
vert the plasma to its original nondialyzed state 
as far as subsequent S, precipitability was con- 
cerned. Because of the resemblance of dialyzed 


2 The validity of this observation would appear to be 
unchallenged by the later observation of Epstein and 
Block (11) who noted that only 0.5 per cent of total 
plasma hexosamine was found in lipoprotein fractions of 


human plasma. By the data from this laboratory (1) and 
by those of Bollet (12) on total acid mucopolysaccharides, 
and recognizing rough equivalence by weight of hexu- 
ronic acid and hexosamine content in acid mucopolysac- 
charides, less than 0.4 per cent of the total plasma hexo- 
samine as measured by Epstein and Block and by Bollet 
could be expected to be found in total acid mucopolysac- 
charides of human plasma, regardless of where they oc- 
curred fractionally. 

3 It is of interest that the euglobulin fraction of dialyzed 
plasma regularly showed an increase in acid mucopoly- 


plasma to rheumatoid plasma in this regard, an 
intensive effort is in progress to identify the dia- 
lyzable factor or factors involved. This effort has 
been furthered by finding that a similar if not 
identical factor can be demonstrated in both hu- 
man urine and spinal fluid. Other quantitative 
studies in progress suggest that these findings 
may be of biological significance in rheumatoid 
disease. The presence of a dialyzable substance 
in biological materials capable of influencing the 
combination of acid mucopolysaccharides with 
proteins may offer a lead into the system of 
checks and balances which must certainly regu- 
late this area of connective tissue physiology as 
similar systems regulate other biological processes 
such as blood coagulability. 


SUMMARY 


1. The protein remaining in human plasma after 
isoelectric precipitation of euglobulins was stud- 
ied for precipitability with chondroitin sulfate un- 
der the same conditions of dilution and pH which 
precipitated euglobulins. The protein so precipi- 
tated was called the S, fraction. Cholesterol con- 
tent of the lipid-protein S, fraction showed a posi- 
tive correlation with protein content. 

2. This S, fraction was significantly increased 
in the plasma of rheumatoid patients, in contrast 
to nonrheumatoids with or without other inflam- 
matory disease. 

3. Any plasma could be made to resemble rheu- 
matoid plasma in this regard by first dialyzing it 
against balanced buffered salt solution. 


saccharide content when measured by methods detailed 
elsewhere (1) as compared with the euglobulin fraction 
of the same plasma nondialyzed. This occurred regard- 
less of whether the over-all protein content of the frac- 
tion increased, decreased, or remained unchanged after 
dialysis. Vertically paired data (below) show the acid 
mucopolysaccharide content (expressed as micrograms of 
hexuronic acid per 100 mg euglobulin protein) of non- 
dialyzed (ND) and dialyzed (D) plasma in several 
experiments : 


ND 75 5 76 89 50 58 
461. 156-139 159 95 


This was assumed to reflect again the change in isoelectric 
point of proteins influenced by attached small groups 
which could be dialyzed of. the protein. The euglobulin 
fraction after dialysis appeared to consist of proportion- 
ally more acid-mucopolysaccharide-associated protein than 
before dialysis. 
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4. Addition of plasma dialysate to dialyzed 
plasma prior to its use reversed the dialytic effect. 
The factor in the dialysate which accomplished 
the reversal was resistant to heating to 100° C 
for 15 minutes but not to ashing. 

5. Further studies are intensively in progress 
to identify the dialyzable material which was 
shown to affect the combination of acid mucopoly- 
saccharides with plasma protein. 
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THE URICOSURIA AND OROTIC ACIDURIA INDUCED BY 
6-AZAURIDINE * 


By HAROLD J. FALLON,*+ EMIL FREI, III, JEROME BLOCK anp 
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(From the laboratories of the Chemotherapy Service, General Medicine Branch of the National 
Cancer Institute and the Arthritis and Rheumatism Branch of the National 
Institute of Arthritis and Metabolic Diseases, Bethesda, Md.) 
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The pyrimidine analog 6-azauridine (6-AZUR) 
interrupts the major pathway for the de novo bio- 
synthesis of pyrimidine nucleotides after its bio- 
logical conversion to 6-azauridine-5’-phosphate 
(6-AZUMP). 6-AZUMP is a competitive in- 
hibitor of the enzyme which decarboxylates oro- 
tidylic acid (see Figure 1) (1, 2). 6-AZUR in- 
hibits bacterial reproduction as well as tumor 


growth in animals (3-6). The latter effect has 


recently led to its use in the experimental treat- 
ment of human leukemia and solid tumors (7, 8). 
Therapy with 6-AZUR in man, conducted at 


* Presented in part at the Eastern Meeting of the 
American Federation for Clinical Research, January 6, 
1961. 

+ Present address: Department of Medicine, University 
ot North Carolina, Chapel Hill, N. C. 
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1) ATP = Adenosine Triphosphate 

2) FAD = Flavin Adenine Dinucleotide 

3) DPN = Diphosphopyridine Nucleotide 

4) PRPP=Phosphori »syl Pyrophosphate 

5) 2ZZ2= Site of Inhibition by Azauridylic Acid 
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De novo SYNTHESIS OF PYRIMIDINE NUCLEOTIDES. 
phosphate to orotidylic acid and then by decarboxylation to uridylic acid. 
most mammalian tissues involves the conversion of uridine to uridylic acid. 


the National Cancer Institute, was occasionally 
complicated by a pronounced crystalluria. The 
crystals were separated into two components by 
ion-exchange chromatography and were identified 
by their ultraviolet absorption spectra as uric and 
orotic acid. The appearance of orotidine in tissues 
and orotic acid and orotidine in the urine of mice 
receiving 6-AZUR has been previously noted (1, 
3) and may be explained by the metabolic block 
produced by the drug. These compounds have 
also been noted in the urine of humans receiving 
6-AZUR or 6-azauracil by several investigators 
(9-12). 
cretion pattern of orotic acid and orotidine in re- 
sponse to 6-AZUR administration in the human 


More detailed study of the urinary ex- 


forms one part of this investigation. 
HN—— C=0 
-H20 
O==C CH, 
HN —— C - COOH 
H 


DIHYDROOROTIC ACID 
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ATP 
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ATP 
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The main pathway leads from carbamyl- 
A less important pathway for 
Azauridylic acid is formed 


from azauridine by a kinase reaction and inhibits the decarboxylation step. 
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URICOSURIA AND OROTIC ACIDURIA INDUCED BY 6-AZAURIDINE 


TABLE! 


The changes in serum and urinary urate of representative patients receiving 
Azauridine. Similar changes have occurred in all patients studied 


Urine Urate 
Patient 


Serum Urate Duration Pose 


Diagnosis * Average 


Before Therapy 


First Day 
on Therapy 


Before Therapy 


of of 


Last Day Therapy 6-AZUR 


on Therapy 


Average 


Mg/24 brs. 
798 
552 
750 

1170 
487 
292 


Me/24 brs. 
2953 
949 
2070 
2145 
1278 
835 


CML 
CLL 
CML 
CML 
P.V. 
CLL 


Meg % Mg % 
9.5 2.4 20 
4.2 2.6 1 120 

10.5 3.1 120 
5.9 2.6 60 
8.6 3.4 120 
6.8 4.2 120 


Days Mg/Keg/day 


120 


*CML — Chronic Myelogenous Leukemia 
CLL — Chronic Lymphocytic Leukemia 
P.V. — Polycythemia Vera, 


The presence of urate crystalluria led to the 
demonstration of a decline in the serum urate levels 
and an increased urinary excretion of uric acid 
during therapy with 6-AZUR. This finding was 
totally unanticipated, and an attempt was made to 
determine whether the uricosuria induced by 
6-AZUR resulted from a primary renal effect or 
was related to its metabolic effect and the ac- 
companying orotic aciduria. 


METHODS 


Patients with nonterminal malignant disease who were 
to receive intravenous 6-AZUR therapy were placed on 
diets essentially free of purines and pyrimidines including 
orotic acid1 for at least 5 days prior to and throughout 
their study period. Patients received 6-AZUR in four 
2-hour infusion periods daily for 3 to 20 days and were 
maintained on a constant intravenous infusion of 5 per 
cent dextrose and water during the remainder of the 
day. For 12 to 24 hours prior to 6-AZUR or orotic acid 
administration patients received 1 to 1.5 L of 5 per cent 
dextrose in water as a control period to correct for any 
possible uricosuric effect of the large volumes of fluid 
used for the administration of 6-AZUR. All urine was 
refrigerated during collection with toluene as a preserva- 
tive and aliquots were frozen for the subsequent deter- 
mination of the daily excretion of orotic acid, orotidine 
and 6-AZUR. Creatinine and uric acid were determined 
on fresh urine specimens after warming to assure that 
any crystals were dissolved. 

The effect of infusion of 6-AZUR on the renal clear- 
ance of inulin and urate was also determined in three 
patients in order to better define the mechanism of action 


2 Milk- and milk product-free (13). 


of the drug. In addition, urate excretion during the in- 
fusion of orotic acid and orotidine was studied. 

Preparation of infusions. 6-AZUR obtained from the 
Cancer Chemotherapy National Service Center was pre- 
pared in isotonic sodium bicarbonate at a concentration 
of 1 g per 10 ml and sterilized by filtration through Milli- 
pore filters (9.45 «). Appropriate quantities of this ma- 
terial were than added to 150 ml of 5 per cent dextrose 
and water for intravenous infusion during a 2-hour 
period. 

Orotic acid (California Corporation for Biochemical 
Research) was dissolved in 5 per cent dextrose and water 
at the concentration of 2 mg per ml by adjusting to pH 
7 with sodium hydroxide. This concentration was found 
to be stable for several months at room temperature at- 
More con- 
centrated solutions tended to crystallize at room tem- 
perature. This material was infused without further 
dilution. 

Orotidine (obtained through the 
Handschumacher) was administered as the sodium salt 
in a concentration of 1 mg per ml of 5 per cent dextrose 
and water. 

Analytical methods. The uric acid concentration of 
serum and urine was determined by the spectrophoto- 
metric method of Kalckar (14) as modified by Liddle, 
Seegmiller and Laster (15). Addition of orotic acid or 
6-AZUR to urine did not inferfere with urate determina- 
tions by this method. Serum and urine creatinine was 
determined by the method of Bonsnes and Taussky (16). 
Inulin was determined as described by Walser, Davidson 
and Orloff (17). 

The pyrimidine compounds were 
spectrophotometric method after separation by ion-ex- 
change chromatography.2 One-ml aliquots of urine, di- 


ter sterilization by filtration (vide supra). 


courtesy of R. E. 


determined by a 


2 Based on method of R. E. Handschumacher. 
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Azur iv.- Continuous Infusion 


SERUM URATE 
Mg. % 


CLEARANCE 
URIC ACID 
ML./ Min. 


OROTIC ACID 
Gms./ 24 Hrs. 


OROTIDINE 
Gms. / 24 Hrs. 


10 15 
DAYS 


Fic. 2. INCREASE IN URINARY CLEARANCE OF URIC ACID 
DURING CONTINUOUS 6-AZAURIDINE INFUSION. The ex- 
cretion pattern of orotic acid and orotidine shows the 
rapid peak in orotic acid excretion and the presence of 
orotidine in the urine for 48 hours following cessation of 
6-azauridine. 


luted 1:10 with 0.05 M ammonium formate, were passed 
through 5 ml of Dowex 1-X10 formate 200-400 mesh in 
1 x 30 cm columns. The resin was washed with boiled 
distilled water for 6 to 8 hours both before and after ap- 
plication of the urine to reduce the background optical 
density. Ten-ml fractions of eluate were collected during 
successive elution with 30 ml of 0.05 N formic acid, 30 
ml of 0.1 N formic acid, 10 ml of water and 150 ml of 
0.3 N ammonium formate, pH 5, at a flow rate of 0.5 ml 
per minute. Known pyrimidine compounds were added 
to normal control urine and identified in the eluate by 
their ultraviolet absorption spectra as determined in a 


Cary recording spectrophotometer. 6-AZUR was found 
in fractions 1-3, orotidine in 9-11, and orotic acid in 
15-19. 

The pattern of elution was determined for each urine 
sample studied by measurement of the optical density of 
each fraction at 266 and 279 mu in a Unicam S. P. 500 
spectrophotometer. The quantity of pyrimidine present 
in each sample was calculated from the optical density at 
the appropriate wave length of pooled fractions using the 
following molar extinction coefficients: E,. 6-AZUR, 
6,100; E.,, orotidine, 10,000; E.,, orotic acid, 7,580. A 
small correction in this value was made for any optical 
density contributed by other substances present in the 
urine prior to drug therapy or resulting from the action 
of formate on the resin bed itself. 

Concentrations of these compounds above 5 mg per 100 
ml were accurately determined by these methods, al- 
though the presence of each could usually be noted in 
concentrations as low as 2 mg per 100 ml. 

Renal clearance studies. All clearance studies were 
performed on catheterized subjects by the technique of 
Smith (18). Clearance studies consisted of three 20- 
minute control periods, three 20 to 30-minute periods 
during infusions of 6-AZUR and two 20 to 40-minute 
collections after discontinuing the infusion. Urine was 
then collected in 4-hour fractions after removal of the 
catheter and corresponding plasma samples obtained for 
determination of urate and creatinine clearance. 


RESULTS 
The uri- 


Uricosuria during 6-AZUR therapy. 
cosuric effect of 6-AZUR observed during therapy 
of six patients with chronic leukemia on whom 
daily 24-hour urate and creatinine clearances were 


obtained is shown in Table I. The urinary ex- 
cretion of uric acid was increased two- to threefold 
and the serum urate levels were reduced by 40 to 
75 per cent during therapy with 6-AZUR. Fig- 
ure 2 illustrates the twofold increase in uric acid 
clearance, the decrease in serum urate levels and 
the concomitant appearance in the urine of orotic 


TABLE 
Relation of uric acid excretion to dose of Azauridine 


Dose 6-AZUR(mg/24 hrs) 


none 70 


700 


24-hr. urate (mg) 378 350 
6.57 
* C oreatinine(ml/min) 124 117 

C uric acid(ml/min) 3.9 3.7 


Serum urate(mg % ) 6.68 


X100 3.2 
C creat. 


Orotic Acid(mg/24 hrs) 0 
Orotidine (mg/24 hrs) 0 


3.2 


469 
6.28 6.05 5.57 
126 85 136 
5.0 4.6 8.1 


4.0 5.4 5.9 


81 
299 


*C = clearance 
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TABLE 


Clearance studies during the acute infusion of azauridine * 


Plasma 
uric acid 


Clearance 
periodst 


U.V./min 


Orotic 
acidt 


Clearance 


Clearance 
U.A. inulin 


Cua Xx 100 
Cin 


mg/min 
0.587 
0.653 
0.582 
0.538 
0.693 
0.780 
0.769 
0.815 


0.927 
0.986 
1.211 
1.462 
1.761 
1.796 
1.806 
2.011 


0.656 
0.673 
0.723 
0.805 
0.911 
1.406 
1.474 
1.478 


Malignant 
melanoma 


F, 42 


WN 


Chronic 
myelogenous 
leukemia 

M, 31 


6.30 

6.28 
10.50 
10.98 
10.88 
11.10 
11.14 
11.04 
11.06 
10.66 


Polycythemia 
vera 


M, 68 


5g 


* The following abbreviations are used: F = female; M 
inulin clearance. 


uric acid; Cua = uric acid clearance; and Cin 
+ Each period was 20 minutes. 


ml/min 
145 
147 
128 
119 
133 
141 
131 


ml/min 
19.2 
20.2 
16.9 
22.0 
23.8 
23.9 
26.9 


14.09 
14.36 
17.97 
21.95 
27.87 
28.67 
32.01 


6.25 
6.13 
6.65 
7.25 
8.18 
12.74 
13.33 
13.86 
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= male; U.V. = urine concentration times volume; U.A. 


t Absence of orotic acid denotes <2.5 mg%; orotidine was absent (<5 mg) from all urines. 


acid and orotidine in quantities as large as 3 g 
daily as a result of the daily infusion of 4.2 g of 
6-AZUR. This patient showed no therapeutic 
response to treatment with 6-AZUR, and there- 
fore a pronounced dissolution of leukemic tissue 
in response to chemotherapy probably did not 
contribute appreciably to his increased urate excre- 
tion. 

The effects of gradually increased daily doses 
of 6-AZUR on various parameters of urate excre- 
tion are shown in Table II. Infusion of 2,800 mg 
of 6-AZUR per day produced a definite uricosuria. 
Lower doses did not cause the urate retention of- 
ten seen with uricosuric drugs (19). 

Clearance studies during 6-AZUR _ infusion. 
The magnitude and duration of the effects of 
6-AZUR on urate and inulin clearance were simul- 
taneously determined. A prompt increase in uric 
acid clearance and urate/inulin clearance ratios 
without alteration in inulin clearance was noted af- 
ter 6-AZUR infusion (Table III). Orotic acid 
did not appear in the urine until at least 90 minutes 
after the start of 6-AZUR infusion and was un- 


accompanied by orotidine for the duration of the 
clearance studies. 

The time relationship of uricosuric response to 
the 6-AZUR infusion and to the urinary excre- 
tion of orotic acid (Figure 3) suggested that the 
uricosuria induced by 6-AZUR could be resolved 
into two distinct components. The prompt initial 
uricosuric response to 6-AZUR infusion was un- 
associated with orotic acid excretion, while the 
maximal uricosuric effect occurred simultaneously 
with the greatest excretion of orotic acid. These 
findings led to an investigation of the uricosuric 
effect of orotic acid. 

Uricosuria induced by orotic acid. The intra- 
venous infusion of 1 g of orotic acid during a 12- 
hour period in two patients was found to result 
in a two- to-threefold increase in uric acid excre- 
tion rate and a 50 per cent decrease in serum 
urate (Figure 4). The absolute increase in the 
rate of uric acid excretion (in milligrams per hour) 
closely paralleled the rate of orotic acid excretion 
(Figure 4). An infusion of 100 mg of orotic acid 
in a 12-hour interval produced no uricosuria in a 
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This patient had polycythemia vera (see Table III). 
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OROTIC 
Prompt uricosuria occurs which closely follows, in 


magnitude, the amount of orotic aciduria. 


ACID 


INFU- 


patient who developed a prompt uricosuria when 
receiving 2 g per 12 hours. 

The urinary recovery of intravenously adminis- 
tered orotic acid was 26 per cent during iniusion 
of 1 g per 12 hours but increased to 48 per cent 
when the infusion rate was doubled. When orotic 
acid was given orally in amounts varying from 
500 mg to 5 g accompanied by 1 to 2 g sodium bi- 
carbonate to elevate gastric pH, there was no de- 
tectable urinary orotic acid and no uricosuria. The 
intravenous infusion of 660 mg of orotidine to one 
patient over a 12-hour period produced no in- 
crease in urate excretion. 

The orotic aciduria and orotidine excretion in- 
duced by 6-AZUR. The nature of the major 
metabolic alteration produced by 6-AZUR was 
investigated by measuring the urinary excretion 
pattern of orotic acid and orotidine in patients re- 
ceiving 6-AZUR. Orotic acid appeared in the 
urine 90 minutes to 4 hours after the start of 
6-AZUR administration, but orotidine did not ap- 
pear until 1 to 4 hours after the onset of orotic 
acid excretion (Figure 5). 
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URICOSURIA AND OROTIC ACIDURIA INDUCED BY 6-AZAURIDINE 


The largest quantities of orotic acid and oroti- 
dine were excreted by patients receiving large 
amounts of 6-AZUR (120 to 200 mg per kg) and 
especially by those with chronic myelogenous leu- 
kemia, The maximum excretion of orotic acid 
occurred within 3 days and then declined to a 
constant level (Figure 2). By contrast the maxi- 
mal excretion of orotidine appeared later and con- 
tinued at a high level throughout 6-AZUR ad- 
ministration. Furthermore, orotidine persisted in 
the urine for 24 to 72 hours after cessation of both 
6-AZUR and orotic acid excretion. 

There was no observed correlation of orotic acid 
or orotidine excretion with the antileukemic ef- 
fects of 6-AZUR. Also, variations in the degree 
of inhibition of the decarboxylation of orotic acid, 
as measured by an in vitro isotopic assay method 
(8), in intact leukemic cells, was not well corre- 
lated with the magnitude of orotic aciduria. 


DISCUSSION 


Metabolic The metabolic 
tions resulting from the administration of 6-AZUR 
to the human are best interpreted as resulting 
from its inhibition of the decarboxylation of oro- 
tidylic acid (Figure 1). Further evidence that 
this is the site of action of 6-AZUR in vivo is the 
demonstration that intact leukocyte preparations 
obtained from patients receiving 6-AZUR show a 
depressed ability to decarboxylate orotic acid (8). 
In vitro studies have shown that 6-AZUR must 
be phosphorylated by a kinase reaction (requir- 
ing ATP and Mg**) in order to function as a 
ri- 


alterations, altera- 


competitive inhibitor of this reaction (1, 2 
dine is in turn a competitive inhibitor of this phos- 
phorylation step in vitro (1) as well as an alter- 
nate precursor of uridylic acid, and therefore was 
restricted in the diets of patients receiving 
6-AZUR therapy. 

Accumulation of orotic acid has been noted in 
a variety of biological systems. It appears in 
certain mutant bacteria grown on a minimal py- 
rimidine media (20), in a rare congenital disor- 
der (orotic aciduria) in man (21), presumably 
caused by a depressed activity of orotic acid pyro- 
phosphorylase or orotidylic decarboxylase or both 
(see Figure 1) (22), and as a result of 6-AZUR 
administration in both bacteria and animals (1, 4, 
9, 10). Feedback control by pyrimidine nucleo- 
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tides of the production of orotic acid has been de- 
scribed in mutant bacteria by Yates and Pardee 
(23, 24), in Ehrlich ascites cells (25) and in con- 
genital orotic aciduria in the human by Huguley, 
Bain, Rivers and Scoggins (21). 

In mutant bacteria, increased production of as- 
partate-carbamyltransferase occurs in response to 
“pyrimidine starvation.” The most potent inhibi- 
tors of this increased enzyme production are com- 
pounds derived from uracil (24), and in addition, 
cytidine 5’-phosphate is a competitive inhibitor of 
the same reaction (23). In one case of congenital 
orotic aciduria the increased orotic acid excretion 
was significantly depressed by oral administration 
of a cytidylic-uridylic acid mixture, which sug- 
gests a feedback inhibition by pyrimidine nucleo- 
tides of orotate synthesis (21) in man. 

The finding of increased levels of activity of 
the first three enzymes of de novo pyrimidine bio- 
synthesis (aspartate-carbamyltransferase, dihydro- 
orotase and dihydro-orotic dehydrogenase; see 
Figure 1) in the white cells of untreated leukemic 
patients (26) may explain the prompt and mas- 
sive excretion of orotic acid in leukemic patients 
receiving 6-AZUR. The possibility also exists 
that “pyrimidine starvation” (23) induced by 
6-AZUR further increases the production of orotic 
acid by releasing the feedback inhibition which 
normally regulates pyrimidine biosynthesis. This 
possibility is currently under investigation. 
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Fic. 5. EXCRETION PATTERN OF OROTIC ACID AND OROTI- 
DINE AFTER 6-AZUR infusion. The excretion of orotic 
acid precedes orotidine and the former disappears more 
rapidly from the urine. The urinary excretion of 6-AZUR 
is also noted. The patient had polycythemia vera (see 
Table III). 
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Orotidylic acid is the presumed source of the 
large quantity of orotidine excreted in the urine of 
patients receiving 6-AZUR, since in vitro studies 
in mammalian tissues, by isotope incorporation 
methods and assay of the conversion of orotidine 
to orotic acid, strongly suggest that orotic acid 
is not a direct precursor of orotidine (1). The 
consistent appearance in the urine of orotic acid 
before that of orotidine and the gradually in- 
creasing orotidine excretion associated with a de- 
cline in orotic acid excretion do suggest, however, 
that an accumulation of orotic acid may lead to an 
increase in its conversion to orotidylic acid and 
then by dephosphorylation to orotidine. In this 
fashion orotic acid would be an indirect precursor 
of orotidine by means of its conversion to oro- 
tidylic acid. The in vitro equilibrium of the con- 
version of orotic acid to orotidylic acid is strongly 
in favor of orotic acid formation and, in addition, 
orotidylic acid is an inhibitor of the enzyme oro- 
tidylic acid pyrophosphorylase (27). In order to 


form large amounts of orotidine, significant pro- 
duction of orotidylic acid is necessary and would 
be expected to require a large accumulation of 


orotic acid. Other interpretations of this data 
exist, however, and the information now available 
does not prove the primacy of increased de novo 
orotic acid production as an explanation of the 
pattern of orotic aciduria and orotidine excretion 
induced by 6-AZUR. 

Uricosuria. Increased uric acid excretion is a 
frequent occurrence during the treatment of leu- 
kemia (28, 29) and occasionally results in urate 
renal blockade. It is usually associated with hy- 
peruricemia and the rapid destruction of leukemic 
tissue (30, 31). 6-AZUR therapy resulted in a 
uricosuric response in patients without leukemia 
or solid tumor as well as in leukemic patients, re- 
gardless of clinical response. 

The data presented strongly suggest that 
both 6-AZUR and orotic acid are capable of pro- 
ducing a uricosuric effect. The correlation of 
maximal uricosuria with maximal orotic aciduria 
raised the possibility that orotic acid was the sole 
mediator of the uricosuria seen during 6-AZUR 
therapy, since orotic acid infusions alone pro- 
duced increased urate excretion. The prompt 
uricosuric response to 6-AZUR infusion, which 
preceded the appearance of orotic acid in the 
urine, is evidence that 6-AZUR itself has uri- 
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cosuric properties. Furthermore, infusion of 
small quantities of orotic acid, which produced 
detectable amounts in the urine, had no significant 
uricosuric effect. This finding argues against the 
possibility that the initial uricosuria induced by 
6-AZUR represented a response to quantities of 
orotic acid which were undetectable by our ana- 
lytical methods. It is conceivable that the uri- 
cosuric action of 6-AZUR could also be mediated 
by an accumulation of orotic acid within the tu- 
bular epithelial cells but there is at present no 
evidence to support such a concept. In any event 
it appears that the initial uricosuric effect of 
6-AZUR is not dependent on the excretion of 
orotic acid, and the increased urate clearance seen 
in patients receiving 6-AZUR results from a 
summation of the effects of both compounds. 
The magnitude of the uricosuric response pro- 
duced by 6-AZUR or orotic acid infusion re- 
sembles that of such moderately active agents as 
probenecid (32), adrenal steroids (33) and 
phenylbutazone (34, 35). The administration of 
each of these compounds usually results in uric 
acid clearances of 20 to 40 ml per minute in com- 
parison with a normal clearance of 5 to 10 ml per 
minute. No attempt has been made, however, to 
produce a maximal uricosuric effect with 6-AZUR 
or orotic acid because of the potential hazard of 
orotic acid crystalluria. Neither of these new 
uricosuric agents has practical value, at the pres- 
ent, in the treatment of hyperuricemia because in- 
travenous administration is necessary for their 
action. When administered orally, 6-AZUR is 
partially converted to 6-azauracil (36, 37), a com- 
pound which produces severe neurotoxicity in 
man (38). Oral administration of as much as 5 
g per day of orotic acid produced no uricosuria 
and no orotic acid could be found in the urine. 
Urate excretion by the kidney is interpreted by 
Gutman and Yu (39) to consist of glomerular fil- 
tration, nearly complete tubular reabsorption and 
active tubular secretion. Most uricosuric com- 
pounds are acids (zoxazolamine is an exception) 
(40) and are presumed to act primarly by in- 
hibition of tubular reabsorption of urate. The 
urate-retaining properties of salicylates and phenyl- 
butazone in low dosage are interpreted as result- 
ing from inhibition of tubular secretion of urate 
(39). 6-AZUR and orotic acid have not produced 
this low-dose effect in our studies. 6-AZUR and 


: 
> 
i 
‘ 
a 
‘ 
: 
am 
ae 
Ea 
. 


URICOSURIA AND OROTIC ACIDURIA INDUCED BY 6-AZAURIDINE 


orotic acid are both organic acids which are ac- 
tively secreted by the avian kidney (37; 41) and 
therefore have some characteristics in common 
with other uricosuric agents. In addition, two 
other possible explanations of their mode of ac- 
tion deserve consideration. There are certain 
structural similarities (Figure 6) (keto groups 
at corresponding positions on the pyrimidine ring 
and anionic form at physiological pH) which 
suggest that these compounds may compete for an 
enzymatic transfer mechanism that is based on 
these factors. The observed close quantitative 
relationship of orotic acid excretion to increases 
in uric acid excretion may be further evidence that 
these structural analogs of uric acid may compete 
for the same transport mechanism involved in 
Evidence has been obtained 
that urate secretion may also be influenced by the 
pyrimidine analog, 6-azathymine. We have con- 
firmed the report (42) that this compound pro- 
duces a urate retention as shown by diminished 
urate/creatinine clearance ratios. 

Although it is possible that the uricosuric ef- 
fect of 6-AZUR results directly from its inhibition 
of pyrimidine nucleotide synthesis in the renal tu- 
bules, there is at present no evidence to support 
such a concept. A possible role of uridine nucleo- 
tides in phosphate transport by the kidney has 
been suggested by de Verdier (43). No such role 
for pyrimidine containing coenzymes has as yet 
been proposed for other transport systems. 


urate reabsorption. 


SUMMARY 


1. Administration of 6-azauridine (6-AZUR) 
intravenously to patients with nonterminal malig- 
nancies resulted in the prompt appearance in their 
urine of orotic acid and, somewhat later, of oroti- 
dine. The appearance of these compounds, also 
noted by others, provides evidence that 6-AZUR 
produces the same block in pyrimidine biosynthesis 
in vivo in the human that has previously been 
noted in vitro and in other mammals. The pat- 
tern of urinary excretion of these compounds has 
been discussed with reference to a possible feed- 
back control of pyrimidine biosynthesis in man. 

2. The uricosuria induced by 6-AZUR adminis- 
tration resulted in part from the direct action of 
6-AZUR and also from the uricosuric action of 
the orotic acid produced in response to the meta- 
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bolic block of pyrimidine biosynthesis. The 
necessity of administering these compoun‘s by 
the intravenous route prevents their practical 
use in the management of gout. The chemical 
structures of 6-AZUR and orotic acid show certain 
points of similarity to uric acid and they may repre- 
sent a new class of uricosuric agents based on 
structural analogs of uric acid. The role of pyrimi- 
dines in renal transport mechanisms is, at present, 
uncertain, 
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MEASUREMENT OF ARTERIAL AGING IN HYPERTENSIVE 
PATIENTS * 


By FRANCOIS M. ABBOUD# ano JOHN H. HUSTON 


(From the Cardiovascular Section, Department of Internal Medicine, Marquette University 
School of Medicine and Milwaukee County Hospital, Milwaukee, Wis.) 


(Submitted for publication April 3, 1961; accepted June 16, 1961) 


Roach and Burton (1) described two important 
changes in arterial walls with advancing age. 
One is an increase in collagenous fibers causing 
loss of distensibility with increase in the slope dP/ 
dV of arterial pressure-volume curves. The other 
is a decrease in the unstretched length of these 
collagenous fibers as the “slack” in them is taken 
up, possibly by cross linkages and adhesions. 
This change results in a more rapid decrease in 
distensibility with stretch and an increase in the 
rate of change in slope (or the curvature) of pres- 
sure-volume curves toward the pressure axis. 

An indirect clinical index of the latter effect of 
aging on arterial walls has been described (2, 3) 
and referred to, arbitrarily, as an “index of arterial 
rigidity.” It does not measure the slope dP/dV 
of arterial pressure-volume curves but the rate of 
change in slope (or the curvature) with pressure. 
Thus, it is not directly related to distensibility of 
the large arteries but it represents the differential 
of their stiffness with respect to pressure. 

Conway and Smith (2) applied this test to a 
study of “aging of arteries in relation to hyper- 
tension” and found that the rigidity indices of 
older hypertensive patients exceeded those of a 
control group of 16 young medical students. 
Their observations (2, 4) supported the hypothe- 
sis (5) that in the majority of patients with es- 
sential hypertension the elevated diastolic pres- 
sure is the consequence of aging of arteries. More 
recently (3) we demonstrated a strong correlation 
between this index and age which made us suspect 
that a number of the hypertensives in their studies 
might be considered to have normal rigidity in- 
dices when compared with normal subjects of the 


same age. Knowing the variation of this index 
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cine, State University of Iowa, Iowa City, Iowa. 


with physiological aging, we could interpret more 
correctly the results of the test in hypertensive pa- 
tients of all age groups. This report presents our 
results in 100 hypertensive patients. The fore- 
going hypothesis concerning the etiology of hyper- 
tension is re-evaluated. 


MATERIAL AND METHOD 


The patients for this investigation came from the 
wards and outpatient clinic of Milwaukee County Hos- 
pital. One hundred ambulatory hypertensive subjects, 
ranging from 18 to 84 years of age, were studied. Their 
selection was based on the level of arterial blood pres- 
sure without knowledge of the etiology, duration or com- 
plications of the hypertension. Neither the reason for 
their hospitalization nor the presence of any associated 
disease was known to us. All had a diastolic blood 
pressure of 110 mm Hg or more, but with most patients 
taking antihypertensive medications, the majority of the 
blood pressures recorded at the time of the study were 
only slightly elevated (Table I). 

The arterial rigidity index was measured in all the 
patients. The method required the measurement of intra- 
arterial blood pressure changes resulting from the inhala- 
tion of amyl nitrite before the onset of reflex tachycardia. 
The ratio of the change in pulse pressure X 100 to the 
related decrease in diastolic pressure during this period 
is the index of arterial rigidity (Figure 1). <A detailed 
protocol of the test procedure has been presented (3). 
A complete physical examination and a careful review 
of the clinical record followed the performance of the 
test in each patient. The indices were calculated without 
access to the clinical findings. 

The subjects were separated into two groups: those 
who had normal indices for their age and those who had 
prematurely high indices. The upper limit of normal 
for each age was obtained by adding 2 standard deviations 
to the regression equation: index = (2.19 X age) — 53.84 + 
16.16 SD. This equation was determined from our study 
(3) of the effect of age on the arterial rigidity index and 
was effective in separating the rigidity of aging from 
that of premature arteriosclerosis. Observations on the 
clinical characteristics of the two groups of patients were 
made in an attempt to re-evaluate the relation between 
hypertension and arteriosclerosis. Probability values 
were obtained by Student’s ¢-distribution and the chi- 
square test (6). 
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RESULTS I shows some clinical characteristics of each 


Seventy-one hypertensive patients had normal patient. 
rigidity indices for their age and 29 had indices Seventy-one hypertensive subjects with normal 
that were higher than normal (Figure 2). Table rigidity indices. The average age of this group 


TABLE I 


Individual clinical observations on 100 hypertensive patients classified according 
to their arterial rigidity indices * 


Aortic 
Resting Duration of Retinal Family history of ventric- tortu- 
intra- hypertension changes = ———————————- ular osity or Arterial 
arterial Type of Diabetes (grade Hyper- hyper- calcifi- rigidity 
pressure hypertension <10 yrs >10 yrs mellitus ItoIV) Diabetes tension trophy cation  indext 


Patients with normal rigidity indices 


Renal 

Labile 

Fixed 

Labile + 
Labile + 
Fixed Unknown 
Renal (K.W.) Unknown 
Labile + 
Fixed + 
Fixed Unknown 
Fixed + 
Fixed 

Fixed Unknown 
Fixed + 
Renal + 
Fixed 

Renal + 
Labile Unknown 
Labile + 
Fixed 

Fixed Unknown 
Renal! Unknown 
Fixed Unknown 
Fixed + 
Fixed 

Fixed Unknown 
Fixed 

Labile Unknown 
Fixed + 
Fixed Unknown 
Renal Unknown 
Renal 

Fixed + 
Fixed 

Fixed Unknown 
Renal + 
Fixed + 
Fixed Unknown 
Labile Unknown 
Fixed 
Fixed 

Fixed 

Fixed Unknown 
Fixed 

Undetermined 

Renal 

Labile Unknown 
Fixed + 
Fixed 

Fixed Unknown 
Fixed Unknown 
Fixed Unknown 
Fixed 

Fixed Unknown 
Fixed Unknown 
Fixed Unknown 
Fixed 

Undetermined + 
Fixed + 
Fixed 

Renal + 
Renal Unknown 
Fixed Unknown 
Fixed Unknown 
Fixed Unknown 
Fixed + 
Fixed Unknown 
Renal + 
Undetermined 

Fixed Unknown + 
Fixed Unknown 


* Abbreviations: N =negro; W =white; M =male; F =female; K.W. =Kimmelstiel-Wilson’s syndrome. 
t+ The upper limit of normal at each age is shown in Figure 2. 
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no. Age sex 
yrs mm Hg 
’ 
23 NF _ 120/79 10 
31. 186/110 33 
33 NM _ 130/85 —20 

34 NM _ 218/120 45 

34. 160/95 4 ¥ 
34 WM = 148/89 0 
35 WF 159/104 —10 
NM _ 150/90 25 
1 36 155/95 - 50 
1 37. NM 150/90 - 8 
1 37. 200/115 + 43 
1 38 NF 205/125 + 33 
1 39 NM 255/150 + 7 
16 40 NF 163/116 + 25 
17 40 NF _ 244/120 + + 45 
18 40 WM 130/77 39 
19 42 WM 165/109 16 
20 43 NF 192/105 40 
21 43 NF 135/83 36 
23 43 NM 135/85 40 
ea. 24 44 NF = 200/110 + 50 
25 45 WF 175/95 73 
26 46 210/125 0 
27. 46 NM _= 140/70 - + 74 
28 447 WM 185/105 27 
29. 47. WM 127/70 63 
30, 48 NM_ 220/100 + + 45 
31 49 230/110 + + 30 
32 49 WM 154/95 35 
33 49 NM 185/115 30 
34. «WF 233/125 + + 40 
35 SO 150/90 60 
36 50 WF 205/115 47 
37 50 262/142 + + 66 

+f 39 185/103 84 

40 52 WM _ 160/80 35 
41. 52 NF _ 160/110 47 
42 53 WM 170/100 33 
43 53 WF 215/103 75 
44 53 NF _ 170/98 60 
45 55 WF _ 130/70 47 
46 55 NM 175/115 35 
48 56 NF 235/125 + + 75 
49 56 NM_ 200/115 91 
50 56 WM_= 175/85 67 
51 57 WF _ 150/80 100 
52 58 WM 190/95 100 
53 58 NF 240/101 + 100 
ay 54 60 NF = 270/170 + + 77 ee 
55 60 180/85 60 
fe 56 60 WM_= 170/90 73 
Give 57 60 WM 150/88 + 81 : 
58 61 WF _ 202/105 50 
59 61 WM = 169/93 + 62 
60 64 NM = 233/98 + + 54 
61 64 WF _ 185/90 95 
62 64 WM = 190/110 + 100 
63 64 WM 270/105 + 100 
64 65 WM _ 200/105 50 
65 65 WF 155/70 + 75 

66 65 212/112 70 
67 70 WM _ 220/120 + 127 
68 71 WF = 278/101 89 
69 72 WF_ 194/99 76 
70 74 WM 206/115 48 
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TABLE I—(Continued) 


Left Aortic 
Resting Duration of Retinal Family history of ventric- tortu- 
Race intra- hypertension changes = ——-—--—————- ular osity or Arterial 
and arterial Type of Diabetes (grade Hyper- hyper- calcifi- rigidity 
sex pressure hypertension <10 yrs >10 yrs mellitus ItoIV) Diabetes tension trophy cation indext 


mm He 
Patients with prematurely elevated indices 


Labile + 
Fixed + 
/83 Renal (K.W.) 
Labile 
/119 Fixed + 
/100 Renal (K.W.) Unknown 
2/90 Renal Unknown 
95 Fixed Unknown 
95 Renal (K.W.) 
Labile Unknown 
Fixed 
110 Renal (K.W.) 
Undetermined Unknown 
Fixed 
Fixed Unknown 
Fixed Unknown 
Fixed 
Fixed 
Renal 
Fixed Inknown 
Fixed 
Fixed 
Renal (K.W.) 
Fixed 
Renal 
Fixed "nknown 
Fixed Inknown 
Fixed Inknown 
210 Vixed 


++t+++ ++ 


was 49.8 + 14.0 (SD) years. Thirty-three (46.4 41 in whom the duration of hypertension could be 
per cent) patients were females; 17 had a family determined, only 7 had had it for more than 10 


history of hypertension and 16 a family history of years. The type of hypertension was diagnosed 
diabetes. Six patients had diabetes mellitus. Of as labile in 9, fixed essential in 47, renal in 12 (1 
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Fic. 1. BRACHIAL ARTERIAL PRESSURES RECORDED BEFORE, DURING AND 
AFTER AMYL NITRITE INHALATION IN 2 suBJECTS. The horizontal lines below 
the tracings indicate the time of inhalation of amyl nitrite. The vertical 
arrows indicate the onset of reflex tachycardia. When the change it. pulse 
pressure is negligible (upper tracing) the arterial rigidity index (A.R.I.) is 
small (— 20). When the fall in pulse pressure is marked (lower tracing) the 
A.R.I. is high (+75). 
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= 
no. Age 
1 18 WE 42 
on 2 29 WF I + 78 ile 
30 NM Il 53 
4 31 WF 84 
5 41 WF Il + + 127 
6 41 WM Il 82 
7 44 WM Il + 83 
8 46 NF II + 100 
46 WM III + 82 
10 46 WF 100 
ee 11 46 WM HI + + 105 
12 48 WF Ill 136 
13 48 WF I 118 
4 14 49 WM III 105 Reg 
15 50 WE Il 108 
16 50 WM 120 
17. 52 WF II + + 100 
18 52 WF Il 105 
19 55 WF III + 130 
20 56 WF II 135 
% 21 58 WF Il + + 143 
22 59 WF III + 180 
ti 23 59 WF IV + + + 200 a 
4 24 63 WM IV +- 160 ey 
25 70 WF II 173 
26 80 WM II 168 
27. Il + 200 
28 84 WF II + 200 
29 84 WF II + 175 
a 


FRANCOIS M. ABBOUD AND JOHN H. HUSTON 


ef, 4 

a 


Arterial Rigidity Index 


i 1 1 1 
20 40 60 80 100 
Age in Yeors 


Fic. 2. ARTERIAL RIGIDITY INDICES (ORDINATE) OF 100 
HYPERTENSIVE PATIENTS RANGING FROM 18 TO 84 YEARS OF 
AGE. The interrupted line represents the regression of 
this index on age in normal subjects; the solid line is the 
(3). Seventy-one hypertensive 
patients had indices below the upper limit and 29 had 


upper limit of normal 


prematurely elevated indices. The incidence of hyper- 


tensive females with premature arterial aging was high. 


had Kimmelstiel-W ilson’s syndrome ), and undeter- 
mined in 3. The average diastolic pressure at the 
time of the test was 101.0 + 22.0 mm Hg and the 
average pulse pressure was 82.9 + 27.0 mm Hg. 
There was roentgenographic evidence of tortuosity 
and calcification of the aorta in 9 patients, 6 of 
whom were over 60 years of age. Electrocardio- 
graphic evidence of left ventricular hypertrophy 
was present in 23 and grade III or IV eye-ground 
changes were found in 11. 

Twenty-nine hypertensive subjects with pre- 
maturely high rigidity indices. The average age of 
this group was 52.4+ 16.5 (SD) years. Twenty 
(68.9 per cent) patients were females; 4 had a 
family history of hypertension and 7 had a family 
history of diabetes. Eleven patients had diabetes 
mellitus. Eleven of 18 in whom the duration of 
hypertension could be determined had been hy- 
pertensive for more than 10 years. There were 3 
patients with labile hypertension, 17 with fixed 
hypertension and 8 with renal hypertension, 5 of 
whom were diabetics with Kimmelstiel-Wilson’s 
syndrome. In one subject the type of hyperten- 
sion had not been determined. The average dias- 


tolic pressure of this group was 89.7 = 18.3 mm 
Hg and the average pulse pressure was 99.4 + 26.7 
mm Hg. Tortuosity or calcification of the aorta 
was present in 11, 8 of whom were younger than 
60 years of age. There was electrocardiographic 
evidence of left ventricular hypertrophy in 12, and 
grade III or IV hypertensive retinopathy was 
found in 10. 

Comparison between the two groups. As shown 
in Table II, there were relatively more diabetics 
and patients with hypertension of more than 10 
years’ duration in the group with prematurely ele- 
vated The 
higher also in this group and grade III or IV eye- 
ground changes were more common as were other 
abnormalities seen with advanced arteriosclerosis, 
such as a wider pulse pressure, lower diastolic 
pressure and tortuosity of the aorta. 
no difference between the two groups in regard to 


indices. incidence of females was 


There was 


age, type of hypertension, incidence of left ven- 
tricular hypertrophy and incidence of family his- 
tory of hypertension or diabetes. 


DISCUSSION 


The results show that only 29 hypertensive pa- 
tients had high rigidity indices for their own age 
and 71 had normal indices. It is apparent that 
premature aging of the arteries of hypertensive 
patients is not nearly as prevalent as was reported 
(2,4). The main reason for this discrepancy lies 
in the interpretation of the results. Although the 
old hypertensive patients in our study had high 
rigidity indices, many were considered “normal” 
in view of the progressive increase of the index 
with age which we had demonstrated (3). This 
effect of physiological aging was not considered 
by others (2, 4) who reported that the majority 
of hypertensive patients had abnormally rigid ar- 
teries and postulated that the processes leading to 
rigidity of the large arteries were also associated 
with sclerosis of the peripheral vascular bed and 
diastolic hypertension. Our findings do not sup- 
port this hypothesis, since the majority of patients 
in this study had normal rigidity indices for their 
age. 

These results indicate that the hypertensive pa- 
tients have no greater decrease in distensibility 
with stretch than do the normals with age, al- 
though they might indeed have less distensible ar- 
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TABLE 


Comparison of clinical observations made on normote 
rigidity indices’ and hypertensive patients 


D HYPERTENSION 


II 


nsive subjects, hypertensive patients with ‘‘normal 
with ‘prematurely elevated indices” 


Normal 
indices 
(B) 


Normotensive 
subjects* 
(A) 


115 
52.8 
42 


No. of patients 

Average age (yrs) 

Sex, females 

Family history of 
Diabetes (%) 
Hypertension 

Incidence of diabetics 


Duration of hypertension 
>10 yrs (%) 
<10 yrs (%) 
Undetermined (7) 


Average arterial 
pressures (mm Hg) 


Systolic 
Diastolic 
Pulse pressure 


Type of hypertension 
Labile (%) 
Fixed (%) 
Renal (%) 
Undetermined (‘;) 


Retinopathy 
(grade ITI-IV) (“) 


Left ventricular 
hypertrophy (%) 


Tortuosity or calcification 


of aorta (%) be? 12.6 


mined. 
history of diabetes, of grade III or IV retinopathy and of left 


The pulse pressure and not the “rigidity 
index” would be the indication of distensibility, 
although it would have to be considered at com- 
parable mean arterial blood pressures. Adamson 
and Doupe (7) showed that the central pulse wave 
velocity was increased in hypertensive patients, 
but only to the same extent as it would be in nor- 
mals if their aortic mean pressure were equally 
raised; i.e., there was no indication of increased 
rigidity of the aorta in hypertension except in re- 
lation to the raised pressure. They concluded 
that defective arterial elasticity was not a factor 
in the pathogenesis of diastolic hypertension. 


teries. 


* These observations were made in a previous study (3) in which the effect of age on the rigidity index was deter- 
These ‘“‘normal’’ subjects were selected to satisfy certain criteria among which were the absence of a family 


Hypertensive patients with 


Significance of difference (p 
values) between 


Prematurely 
elevated 
indices 


(C) Aand B 


B and C 


<0.001 
<0.001 
<0.001 


41.3 


38.0 >0.05 


ventricular hypertrophy. 


Although distensibility generally decreases with 
a rise in arterial pressure (8), the “rigidity index” 
probably remains constant over a fairly wide range 
of pressures (170 to 55 mm Hg) (3) beyond 
which it may either increase or decrease. This is 
because the index is directly related to the “curva- 
ture” and not the slope of arterial pressure-volume 
curves. However, when arterial mean pressure 
approximates 200 mm Hg the distensibility curves 
of younger aortas bend more and more toward 
the pressure axis (9) and the index tends to in- 
crease, while the curves of older vessels lose their 
curvature and the index tends to decrease. The 


1919 
71 29 
49.8 52.4 >0.2 >0.4 
33 20 >0.1 <0.05 
22.5 24.1 >0.5 
17.3 24.0 13.8 >0.2 >0.1 
3 8.5 38.0 <0.001 
9.8 38.0 <0.001 : 
47.9 24.0 >0.05 ae 
42.3 38.0 $0.7 | 
134.8 183.9 189.1 >0.1 
69.8 101.0 89.7 <0.01 ¢e 
65.0 82.9 99.4 <0.01 s 
12.6 10.3 >0.7 
66.2 58.8 >0.4 4 
16.9 27.5 >0.5 
4.3 3.4 >0.8 
| 
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average mean pressures! of the two groups of 
hypertensive patients at the time of the test were 
comparable (128.6 and 122.8 mm Hg), well be- 
low 200 mm Hg and not very much higher than 
the average mean pressure of the normotensive 
group (91.5 mm Hg). This made it possible to 
compare the indices of the hypertensive patients 
with those of “normal” subjects of the same age. 
Only three patients (nos. 15, 37 and 54) hac dia- 
stolic pressures higher than 125 mm Hg, and 
consequently their low rigidity indices might have 
been caused by their high arterial mean pressures, 
which were over 180 mm Hg in two and over 200 
mm Hg in the third. 

The clinical features of the patients were ex- 
amined carefully in an attempt to clarify the re- 
lation between hypertension and arteriosclerosis. 
Two observations were felt to be worthy of empha- 
sis. The first was the higher incidence of dia- 
betics in the group with premature arterial aging 
(p < 0.001). Diabetes has been shown to be as- 
sociated with, or even preceded by, extensive vas- 
cular changes (10-13), while in essential hyper- 
tension, biopsy studies of various organs have not 
generally revealed morphological changes in the 
peripheral vessels (14, 15). It would seem more 
reasonable to attribute the premature arterial aging 
in the 11 diabetics in this group to their diabetic 
state rather than to their hypertension. A second 
important observation was the greater incidence of 
patients who had had hypertension for more than 
10 years among those with prematurely elevated in- 
dices (p<0.001). This relationship between 
the known duration of hypertension and aging of 
arteries suggests that the development of sclerotic 
vascular changes is a consequence rather than a 
cause of hypertension. 

Autopsy studies have shown an association of 
hypertension with premature arteriosclerosis pri- 
marily in women (16). In this report, 20 of the 
29 hypertensive patients with premature arterial 
aging were females. Master (17) has pointed out 
that three-fourths of females and only one-fourth 
of males with coronary occlusion had pre-existing 
hypertension. Why hypertension should be a 
prerequisite for the majority of females and only 
a minority of men who succumb to coronary oc- 
clusion .is not clear. Whatever the reason, the 


1 Mean arterial pressures were obtained by adding one- 
third of the pulse pressure to the diastolic pressure. 
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available evidence seems to favor the hypothesis 
that hypertension and arteriosclerosis, although 
interrelated, are two separate entities, their prog- 
ress being influenced by independent factors. 

Of the 29 hypertensive patients in the group 
with high indices, 7 had diabetes, 7 had had hyper- 
tension for more than 10 years, + had had both 
diabetes and hypertension for more than 10 years, 
3 were over 80 years of age, 3 had a strong family 
history of diabetes and 1 had myxedema. Thus in 
25 patients, premature arterial aging might have 
developed either as a complication of hypertension 
or in association with another disease independent 
of hypertension. In only 4 of the 100 hyperten- 
sive patients was there unexplained premature ar- 
terial aging. 


SUMMARY 


The purpose of this study was to re-examine 
the relationship between hypertension and aging 
of the arteries by means of the amyl nitrite test of 
arterial rigidity. 

Our findings in 100 hypertensive patients re- 
vealed no evidence of premature arterial aging in 
71 of them when they were compared with normal 
subjects of the same age. 

The clinical features of the 29 hypertensive pa- 
tients with abnormal rigidity indices suggested 
that arteriosclerosis and hypertension developed 
as two separate entities possibly potentiating each 
other. We found no evidence to suggest that hy- 
pertension might have been caused by arterio- 
sclerosis extending to the peripheral vascular 
system. If structural changes in the peripheral 
vascular bed play a major role in the etiology of 
essential hypertension, they do not appear to be 
related to premature arterial aging as determined 
by this test. 
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SODIUM AND POTASSIUM IN THE WALLS OF ARTERIOLES 
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In previous studies (1-6) it has been determined 
that the aortic wall of rats with various forms of 
experimental hypertension contains an increased 
amount of sodium, potassium and water per unit 
of dry weight. The pertinence of these findings to 
hypertension has always been somewhat in ques- 
tion, since the aorta does not contribute much to 
the total peripheral resistance. In the normal cir- 
culation most of the peripheral resistance is pro- 
vided by the arterioles, and hypertension is ac- 
companied by a narrowing of these arterioles. 
Hence an analysis of the arterioles themselves 
would be expected to give more pertinent informa- 


tion concerning the pathogenesis of hypertension. 
This was attempted in the present experiment. 


The present study was also designed to offset 
another possible cause of misinterpretation. When 
an animal becomes hypertensive, the walls of the 
arterioles become thicker ; some of this thickening 
is probably related to an increased content of acid 
mucopolysaccharides, which are known to bind 
sodium (7). 
number of rats was made hypertensive and thick- 
ening of the arterioles occurred in all of them. 
Half the hypertensive rats were then “cured” of 
their elevated blood pressure by removing the 
clip which narrowed their renal artery. We were 
then able to compare the arterioles of hyperten- 


In the present experiment a large 


sive and normotensive rats, both of which had 
comparable degrees of arteriolar thickening. 
Thus, the present experiment largely overcomes 
First, elec- 
arterioles rather than 


two weaknesses of previous studies. 
trolytes are estimated in 
arteries. Second, there is a similar degree of hy- 
pertrophy in both normotensive and hypertensive 
arterioles. 


* Supported by a grant from the American Heart As- 
sociation and by Grant no. H2008, National Heart In- 
stitute, United States Public Health Service. 


METHODS 


A number of Wistar rats was made hypertensive by 
narrowing one renal artery with a clip and removing the 
opposite kidney. Seven months after the original oper- 
ation, the rats with moderate to severe hypertension were 
culled out and divided into two groups which were 
evenly matched for arterial pressure. In one of the 
two groups, an operation was performed on each rat to 
remove the clip which narrowed the renal artery. On 
the rats of the other group, a similar sham operation was 
done but the clip was left intact. Exactly 7 days after 
either type of operation, the blood pressure was care- 
fully determined on each rat with the microphonic 
method (8), and a number of mesenteric arterioles was 
removed for analysis with the aid of a stereomicroscope. 
The arterioles of completely normal rats of the same age 
were also analyzed concomitantly. The arterioles were 
handled in such a way that the lumen was free of blood 
before excision of the vessel. As little adventitia as pos- 
sible was included in the tissue sample. The arterioles 
in the samples varied in outer diameter from about 25 to 
140 uw. By measuring serial cross sections of the arteri- 
oles, it was possible to compute the fraction of the total 
arteriolar sample which was contributed by arteriolar 
segments of various sizes (Table I). Arteriolar seg- 
ments with a lumen diameter varying between 24 and 
84 uw contributed 92.5 per cent of the whole arteriolar 
sample. Maximow and Bloom consider any segment of 
an artery with an outer diameter of less than 300 yw as 
an “arteriole” (9). According to this definition, our 
entire sample is composed of arterioles. Vessels of this 
size are small enough to contribute importantly to total 
peripheral resistance. 

The sample of arterioles from each rat was dried 11 
vacuo at room temperature and then weighed on a micro- 
balance. The dried samples were extracted for a week 
in Vycor vessels with 0.1 N nitric acid. At the end of 
this period the extract was filtered and analyzed for 
sodium and potassium with a flame photometer and for 
chloride with an amperometric method (10). Utilizing 
volumes of fluid and concentrations of sodium that were 
similar to our unknown extracts, we had an average 
analytical error of 0.59 per cent with 15 samples of a 
sodium solution and a maximal error of 1.4 per cent. 
With 15 samples of a potassium solution we had an 
average error of 0.67 per cent and a maximal analytical 
error of 3.0 per cent. With 15 replicates of a chloride 
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TABLE I 


Contribution of various sizes of arteriolar segments to the 
total arteriolar sample 


Various groups 
of arteriolar 
segments classified 
according 
to the inner 
diameter 
of the 
lumen 


Percentage 
of the total 
arteriolar 
sample 
contributed 
by the 
group 


Average 
outer 
diameter 
of the 
group 


Average 
inner 
diameter 
of the 
group 


4-12 
13-24 
25-36 
37-48 
49-60 
61-72 
73-84 
85-96 


MAAR IONS 


solution, also similar to our unknown solutions in vol- 
ume and concentration, we had an average error of 2.0 per 
cent and a maximal error of 4.8 per cent. 

During the dissection it was apparent that the arteri- 
oles of both the actively hypertensive and previously hy- 
pertensive rats were thicker than those of normal rats. 
The arterioles were always dissected as uniformly as 
possible, so that the total length of the arterioles in a 
given sample was about the same for each rat. Since 
the length of vessels in a sample was approximately 
constant, the total dry weight of the arteriolar sample 
gives a reflection of the amount of arteriolar thickening. 
Table II shows the average of the total dry weights of 
the samples for the three different groups. The samples 
from both the continuously hypertensive group and the 
previously hypertensive group weighed about 53 per cent 
more than those of the normal group (p< 0.00001). 
However, the samples from the group with continuing 
hypertension had virtually the same increase in weight 
as the samples from the group with “cured” hyperten- 
sion (p>0.5). Thus the arterioles of the rats with 


TABLE 


Average electrolyte levels in the arteriolar wall of various normotensive and hypertensive rats 


TABLE Il 


Average dry weight of arteriolar samples from the various 
groups of rats * 


25 normal rats 
30 rats with ‘‘cured” hypertension 
25 rats with continuing hypertension 


* + Indicates standard error of the mean. 


“cured” hypertension seemed to be just as thick as those 
of the rats with continuing hypertension. 


RESULTS 


The results of the analyses are shown in Table 
III. The rats with continuing hypertension had a 
16 per cent greater content of sodium in their ar- 
terioles than those with “cured” hypertension, a 
highly significant difference (p< 0.0001). The 
hypertensive rats also had 2.6 per cent more po- 
tassium in their arterioles than the rats with 
“cured” hypertension. This difference was not 
significant. The chloride content of the arterioles 
in the group with continuing hypertension was 9 
per cent greater than that of the group with 
“cured” hypertension. The p value of this dif- 
ference was 0.08, and therefore of borderline sig- 
nificance. 

The rats with “cured” hypertension had a 
slightly but significantly higher mean blood pres- 
sure than the completely normal rats (p = 0.02; 
see Table III), hence they were probably not com- 
pletely “cured.” Moreover, they had a definite 
thickening of the arterioles (Table II). A com- 
bination of these two factors probably accounts 
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* 


p Value 
of the 
difference 
between 
Aand B 


25 Normal 
rats (A) 


p Value 
of the 
difference 
between 
B and C 


25 Rats with 
continuing 
hypertension 
(C) 


30 Rats with 
" hy- 
pertension (B) 


0.00006 27.3 + 0.7 


Na (mEq/100 g dry tissue) 

K (mEq/100 g dry tissue) 

Cl (mEq/100 g dry tissue) 

Na + K (mEq/100 g dry tissue) 


Arterial pressuref before clip 
removal (mm Hg) 


Arterial pressuref one week after 


clip removal or sham operation 


(mm Hg) 


22.1 + 0.4 
21.2 + 0.3 
21.5 + 0.8 
43.3 + 0.6 


126 
(101-140) 


125 
(100-141) 


>0.5 


23.5 + 0.5 
21.2 + 0.3 
22.3 + 0.7 
44.6 + 0.7 


0.03 
21.7 + 0.4 
24.3 + 0.9 
49.0 + 1.0 
202 
(158-250) 


197 
(157-245) 


0.3 
0.08 
0.0004 


0.5 
0.14 


197 
(160-236) 


132 
(111-152) 


* + Indicates the standard error of the mean. 


Mean and range. 


4 
mg 
2.83 + 0.16 
4.27 + 0.21 
4.37 + 0.27 
: 
: 
30 66 
54 108 
66 126 
78 130 
89 140 2 
— 
a 
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for the increased amount of sodium and chloride 
in the arterioles of rats with “cured” hyperten- 
sion when compared with those of completely nor- 
mal rats. The potassium in the arterioles was the 
same for these two groups. 

The concentrations of sodium, potassium and 
chloride in the serum are given in Table IV. 
These concentrations are not significantly different 
in any of the three groups. 


DISCUSSION 


Although the rats with continuing hypertension 
have more sodium in their arterioles, it is hard to 
be sure what fraction of it is intracellular and 
what fraction is extracellular. The chloride con- 
tent in the arterioles of the hypertensive rats is 
also increased about 2 mEq per 100 g of dry ar- 
teriole. If one assumes that all of this increment 
of chloride is extracellular, it should be accom- 
panied by 2.45 mEq of extracellular sodium per 
100 g of dry arteriole. This calculation, allowing 
for Donnan factors, assumes that the concentra- 
tion of interstitial sodium is 0.95 that of serum 
sodium and that the concentration of interstitial 
chloride is 1/0.95 that of the serum chloride (11). 
The actua! difference in the sodium content of the 
arterioles from the hypertensive group compared 
with the “cured” group was 3.79 mEq per 100 g. 
If only 2.45 mEq per 100 g were extracellular, 
this would then leave 1.34 mEq per 100 g that is 
intracellular. Hence, with these assumptions con- 
cerning chloride, the hypertensive arteriole would 
have a definite increase of intracellular sodium. 
Furthermore, one has no real basis for assuming 
that the increment of chloride in the hyperten- 
sive arterioles is indeed all extracellular. Such an 
assumption might be on somewhat firmer ground 
with regard to skeletal muscle. However, a re- 
cent investigation of the smooth muscle cells in 
the taenia coli of guinea pigs indicates that there 
are 74 mEq of chloride and 73 mEq of sodium per 
L intracellular water (12). The smooth muscle 
cells in the walls of arterioles may also normally 
contain an appreciable amount of intracellular 
chloride and may contain even more in the pres- 
ence of hypertension. Hence, the data presented 
here would indicate that at least some of the in- 
crement of sodium in the hypertensive arterioles is 
located intracellularly, and it is possible that al- 
most all of it is intracellular. 

It is of interest to compare the present data 
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TABLE IV 


Mean concentrations of sodium, potassium and chloride in 
the serum of various normotensive and hypertensive rats* 


25 Rats 
with con- 
tinuing 
hypertension 


30 Rats 


25 Normal with ‘“‘cured” 


rats hypertension 


Sodium 142.4 142. 
Potassium 3.6 i 3. 
Chloride 104.8 105. 


*Concentrations are in mEq/L. The p value of the 
differences between the groups was in every case greater 
than 0.3. 


with those previously obtained using the wall of 
the aorta. In several forms of experimental hy- 
pertension, both sodium and potassium were sig- 
nificantly elevated in the aortic wall (2-6). In 
the present study the sodium content was signifi- 
cantly increased but potassium was not. In the 
previous studies on the rat aorta, the chloride 
content was either not increased at all or increased 
only slightly and to a lesser degree than the in- 
crease in sodium (2-6). The present results 
would agree better with the latter pattern of 
change. 

Recent studies have indicated that intracellu- 
lar osmolality is usually similar to that in the ex- 
tracellular compartment (13). In previous stud- 
ies with the wall of the rat aorta or the human re- 
nal artery, the total cation content (Na+ K) 
strongly correlated with the total water content 
(1, 3). In the present study (Table III) the 
total cation content (Na+ kK) is 10 per cent 
greater in the arterioles from hypertensive rats 
compared with the rats with “cured” hypertension 
(p = 0.0004). The total cation content is 13 per 
cent greater in the hypertensive arterioles com- 
pared with the arterioles from completely normal 
rats (p< 0.00001). If the total cation content 
has its usual relationship to tissue water in hyper- 
tensive arterioles, the data would suggest that the 
water content per unit of solids is about 10 per 
cent greater in these hypertensive arterioles than 
in the normotensive ones. However, such an 
assumption cannot be made with absolute safety. 
If, indeed, there were an increase of water in re- 
lation to solids in the walls of the hypertensive 
arterioles, the extra water could encroach some- 
what on the lumen and increase resistance to flow 
(1). Further speculations concerning the cations 
and water in arterial wall have been recently con- 


sidered elsewhere (14). 
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We allowed our rats with “cured” hypertension 
only 7 days to achieve their cure. Admittedly, 
their blood pressure was almost down to normal 
by this time, but it was slightly elevated in about 
25 per cent of the rats with “cured” hypertension. 
Moreover, Floyer has shown that rats with a clip 
removed from the renal artery retain some evi- 
dence of their hypertensive diathesis for 1 to 2 
weeks, even though their blood pressure comes 
down to near normal in a few hours (15). If 
the lone remaining kidney in his rats was excised 
1 to 2 weeks after the clip had been detached from 
its renal artery, these rats developed renoprival 
hypertension at a decidedly accelerated rate, indi- 
cating that some hypertensive trait lingered on. 
In the present study, we are comparing hyperten- 
sive rats with rats whose hypertensive diathesis is 
only partially “cured.” The difference in elec- 
trolyte content might have been even greater if 
the comparison had been made with rats that were 
given enough time after removal of the clip to 
achieve a complete “cure.” This lack of a com- 
plete cure in the present experiment may partially 
account for the differences between the rats with 
“cured” hypertension and the rats that were com- 


pletely normal. 


SUMMARY 


Fifty-five rats were tiade hypertensive by nar- 
rowing the renal artery of their one remaining 
kidney. Seven months later these hypertensive 


rats were divided into two evenly matched groups. - 


The rats in one group were “cured” of their hy- 
pertension by releasing the arterial constriction. 
The rats in the other group had a comparable sham 
operation. One week after either procedure, a 
sample of arteriolar tissue from vessels of 0.025 
to 0.14 mm outer diameter was obtained. Arteri- 
oles from the rats with continuing hypertension 
had 16 per cent more sodium per unit of dry 
weight than those from the rats “cured” of hyper- 
tension (p < 0.0001). The potassium in the ar- 
teriolar wall was similar in the two groups and a 
difference in chloride content was of borderline 
significance (p= 0.08). At least part of the in- 
crement of sodium in the hypertensive arterioles 
appears to be located intracellularly. A 10 per 
cent increase in the total cation content (Na + K) 
in the hypertensive arterioles (p = 0.0004) may 
indicate that these vessels have about 10 per cent 
more water per unit of dry weight than the ar- 


terioles from the rats with “cured” hypertension. 
The arterioles from the rats with either continuing 
or “cured” hypertension had undergone about the 
same degree of thickening; hence the difference 
in sodium content is probably not related to this. 
The extra sodium in a hypertensive arteriole may 
contribute to its narrowed lumen. 
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In 1906, Lewis (1) suggested the possibility 
that an abnormality in globulin metabolism might 
play a role in the pathogenesis of amyloidosis be- 
cause he observed that hyperglobulinemia regu- 
larly occurred in horses that developed amyloid as 
a result of tetanus toxin administration. A simi- 
lar association between prolonged hyperglobulin- 
emia and the ultimate development of amyloidosis 
has been noted in a variety of laboratory animals 
(2-4) and in human beings having either the pri- 
mary form of the disease (5) or that secondary 
to rheumatoid arthritis or other chronic inflam- 
matory conditions (6). Whether this association 
is merely coincidental or of pathogenic significance 
is not yet known. 

While no one globulin fraction has been found 
to be elevated in all instances and types of amy- 
loidosis, y-globulin is frequently increased early 
in the course of the disease and its concentration 
may decrease during the period of rapid accumu- 
lation of amyloid (7). Vasquez and Dixon (8) 
have found that amyloid, both in humans and in 
animals with experimental disease, contains 
y-globulin which may be revealed by the Coons 
fluorescein-labeled antiglobulin technique. On 
the other hand, studies by Calkins, Cohen and Git- 
lin (9), using an immunochemical technique, have 
failed to demonstrate y-globulin in amyloid. Be- 
cause of these conflicting observations, it was felt 
that a study of the fate of intravenously injected, 
labeled y-globulin in subjects with amyloidosis 
might throw further light on the relationship be- 
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ceived from the National Institute of Arthritis and Meta- 
bolic Diseases, nos. A-1064 and A-2123, and from an 
Institutional Grant from the American Cancer Society 
(In-42), and the Eli Lilly Company. 


tween circulating y-globulin and amyloid. A 
group of patients with active rheumatoid arthritis 
was also studied, with the assumption that an ill- 
ness known to predispose to the development of 
amyloidosis might reveal a similar alteration in 
y-globulin metabolism. 


MATERIALS AND METHODS 


In the present study, the rate of disappearance from 
the circulation of intravenously administered I*’-labeled 
y-globulin, its catabolic half-life, and distribution space 
were determined. Subjects studied included 4 patients 
with rheumatoid arthritis, 3 with amyloidosis and 3 
normal controls. One of the patients with amyloidosis 
was first studied as an arthritic. After the first study 
he developed manifestations of amyloidosis and was re- 
investigated 1 year later. Brief case summaries of these 
patients are appended. The laboratory data are given 
in Table I. 

Labeling of the y-globulin with I was carried out by 
the method of Gitlin, Janeway and Farr (10), a modi- 
fication of that of Pressman and Eisen (11). The pro- 
tein employed was poliomyelitis immune globulin pre- 
pared by Cutter Laboratories. Four lots of labeled pro- 
tein were prepared in the course of the study. Although 
the specific activity and the protein concentration of the 
material varied from lot to lot (see Table II), the 
amount of total iodine relative to protein was calculated 
in such a way that a maximal labeling of 3 atoms of 
iodine per molecule of protein was anticipated. After 
dialysis against saline, the protein solution contained 
less than 1 per cent nonprotein-bound iodine. No iodine 
was released from the protein after storage of the solu- 
tion at 4° C for 30 days. Paper electrophoresis of the 
protein after storage and radiography using photographic 
film, revealed a homogeneous material containing radio- 
activity only in the y-globulin band. 

Each subject studied received 24 to 60 uc of radioactive 
iodine contained in about 20 mg of y-globulin. After an 
intravenous infusion of the protein, serum samples were 
obtained daily for the first 2 weeks and on alternate days 
thereafter for a total period of 1 month. In addition, 
during the first 2 days of the experiment, serum was ob- 
tained at more frequent intervals, as may be seen in Fig- 
ure 1. The total amount of blood withdrawn from each 
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BLE I 


Pertinent laboratory data for subjects used in this study 


' Duration of 
Subjects Age disease Involvement 


Associated Total 
disease protein Albumin -globulin* 


. Amyloidosis 


Skin, heart 
Kidney, liver 
Kidney 


Hands, feet 
spine 

All joints 

Hands, feet 
spine 


None 
Rheum. arthritis 
None 


None 

None 

Diabetes 
mellitus 


Old poliomyelitis 


* Calculated from paper electrophoresis, 


subject over 1 month was about 150 ml or 3 per cent of 
the total blood volume. Serial 24-hour urine collections 
were made for as long as radioactivity could be detected. 
From the pooled urine specimen for each 24-hour period, 
an aliquot was taken for counting. When proteinuria was 
present, all urine samples were counted before and after 
precipitation of the protein with trichloroacetic acid. A 
correction for the excretion of unmetabolized labeled pro- 
tein was made in subsequent calculations (see Appendix). 
All subjects received Lugol’s solution, 30 drops per day 
orally, in order to minimize thyroidal uptake of the 
radioiodide. Counting was performed on 1- or 2-ml 
samples in a f-sensitive, plastic well scintillation counter 
(12). 


Data and calculations 


The calculations employed in this study are conven- 
tional (13) and will be briefly illustrated with reference to 
the data obtained from one control subject, F.W. (Fig- 
ure 1). 

A, The half-time of disappearance of isotopically la- 
beled y-globulin from serum. The half-time of disap- 
pearance is represented by the slope of the final, most 
nearly linear, phase of the curve obtained when serum 
activity per unit volume is plotted logarithmically on the 
ordinate against time on the abscissa. In order to com- 
pare the curves for different subjects, the daily serum 
activity for each subject was plotted as a fraction of the 
initial (10-minute) value (Figure 2). 

B. Catabolic half-time. This value is obtained by plot- 
ting total nonprotein-bound urine radioactivity per 24- 
hour period, as for serum activity. The slope of this 
curve represents the rate of breakdown of the injected 
protein, since the iodine label is promptly excreted when 
catabolism takes place (13). 

C. Activity retained. If urine activity is subtracted 
daily from the total radioactivity administered, a curve 
representing the activity still present in the body for each 
day is obtained. The slope of this curve also yields the 
catabolic half-time. As may be seen in Figure 1, it 


parallels the slope of the curve obtained directly from 
the urine excretion. 

D, Distribution space. If the amount of activity re- 
tained in the body on any day is divided by the serum 
activity per unit volume for that day, the total space of 
distribution of the labeled protein may be calculated. 
This calculation is subject to several theoretical and prac- 
tical difficulties, as will be shown. 


RESULTS 


Figure 2 presents the serum y-globulin disap- 
pearance curves for each of the subjects in this 
study. All the curves showed an initial rapid de- 
cline before becoming linear at about Day 14. 
After this time it may be seen that all but three 
are parallel. These clearly show a more rapid 
serum disappearance (N.S.2, L.S., M.F.). 

Table III presents the data for the entire group 
in numerical form. The patients are grouped ac- 
cording to the different lots of iodinated y-globu- 


TABLE II 


Protein concentration and specific activity of lots of iodinated 
protein; dose administered to each subject 


Protein Specific Amount Activity 
Date Subject conc, activity inj. inj. 


mg/ml wc 


7/57 8 1.5 


ney 


1/58 20 1.7 


5/58 20 


n 


8/58 20 


yrs yrs % me % 
G.P. 55 2 6.8 3.5 0.5 20 
N.S. 38 1 8.8 2.9 3.1 23 
pains M.F. 50 1 3.1 0.6 0.5 23 
2. Rheum. arthritis 
B.S. 60 34 7.8 3.6 1.3 28 
7, H J.P. 61 9 9.8 4.9 2.4 29 ja 
Om L.S. 62 8 8.2 2.6 3.0 33 a 
3. Normal 
63 6.6 4.5 2A 29 
J.G. 48 6.4 4.4 1.8 
F.W. 41 7.0 4.8 2.0 27 
ais 
ml 
1 4.7 56.4 
NE 5.0 60.0 
2 0.78 26.7 41 
3 3.8 0.74 57.0 
4 1.2 0.99 23.8 a 
1.0 24.1 
! 0.56 13.5 ee 
1.0 24.1 
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SUBJECT F.W. 


© AMOUNT RETAINED (Colc) 
TOTAL CuUNTS / 10> 


@) SERUM DISAPPEARANCE 
COUNTS / 10% mi 


URINE EXCRETION 
COUNTS /105/ 24hrs. 


©) DISTRIBUTION SPACE (Calc) 
IN LITRES 


i 


12 14 16 
DAYS 


Fic. 1. PARAMETERS STUDIED IN 1 NORMAL CONTROL suBJECT (F.W.). A. Daily se- 
rum activity measures as counts (in hundreds) per milliliter. B. Activity excreted in 
the urine for each 24 hour period (counts/10°). C. Total activity retained in the body 
calculated for each day of the study (counts/10°). D. Calculated space of distribution 
of the labeled protein (in liters). 


ACTIVITY IN SERUM 
SERUM ACTIVITY AT TIME O 


MF. 


5 10 15 20 25 
DAYS 


Fic. 2. CURVES OF DISAPPEARANCE OF I*-LABELED y-GLOBULIN FOR EACH SUBJECT. 
Plots indicate daily serum activity divided by the initial serum activity for purposes 
of comparison. M.F., G.P. and N.S.2 have amyloidosis. L.S., N.S., B.S. and J.P 
have rheumatoid arthritis. J.G., F.W. and F.T. are normal controls. : 
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lin used. The first group is composed of a pa- 
tient (G.P.) with extensive primary amyloidosis 
but without renal involvement, and a_ patient 
(N.S.) with severe rheumatoid arthritis. The 
second group includes two subjects (B.S. and 
J.P.) with moderately severe rheumatoid arthri- 
tis; the third consists of a patient with severe ac- 
tive arthritis (L.S.) and a normal control (F.T.). 
The fourth group is composed of two control sub- 
jects (J. G. and F.W.), a patient with primary 
amyloidosis and nephrosis (M.F.), and _ finally, 
one of two patients with arthritis who had been 
studied in the first group and who had subse- 
quently developed manifestations of amyloidosis 
with a nephrotic syndrome (N.S.). 

The range of values for the half-time of globu- 
lin disappearance from the serum for the control 
subjects was 16.5 to 30 days. Two of the subjects 
with amyloidosis had values below this range and 
one of these, Patient N.S., studied before and af- 
ter he developed clinical amyloidosis, showed a 
shortened half-time on both occasions. One pa- 
tient with rheumatoid arthritis revealed a mark- 
edly shortened half-time of globulin disappearance. 
One subject with primary amyloidosis and three 
others with rheumatoid arthritis had disappearance 
times that were within the limits of the values for 
the control subjects. 

In contrast to the values for serum disappear- 
ance, the values for the catabolic half-life of the 
injected protein show a wide variation. With 
three exceptions, however, the figures for serum 
disappearance and catabolic half-life are compar- 
able. Possible explanations for the anomalous fig- 
ures are discussed below. The values for distri- 


TABLE III 
Values for each subject of the parameters studied 


Catabolic 
half-life 


Serum 


Distribution 
Subject Diagnosis half-time “space” 


days days L 
Amyloidosis 
Rheum. arthritis 


ZO 


Rheum. arthritis 
Rheum. arthritis 


Rheum. arthritis 
Control 


+ 


Amyloidosis 

Amyloidosis as 

Control 5 
Control 5 


* Patient with rheumatoid arthritis before clinical manifestations of 
amyloidosis. 

+ Determination unsatisfactory. 

t Same patient after developing clinical amyloidosis. 
bution space as recorded in Table III do not show 


any significant tendencies. 


DISCUSSION 


The results of this study reveal three points of 
interest. First, they illustrate some of the com- 
plexities inherent in this method of study; sec- 
ond, they provide some interesting data with re- 
gard to amyloidosis; and third, they suggest a 
way in which rheumatoid factor might have bio- 
logical activity. 

The simplest parameter investigated was the 
rate of disappearance of the injected y-globulin 
from the circulation. Although this figure is rela- 
tively free from inaccuracies of measurement, it 
reflects not only the rate of catabolism of the pro- 
tein but also its distribution into different body 
compartments. For this reason the descriptive 
term “disappearance” has been used. It is evi- 


TABLE IV 


Rate of disappearance of I'!-labeled y-globulin from the serum of normal humans as reported in other studies 


Author Subjects 


Half-time serum 


disappearance Remarks 


12 normal 


Myant 1952 (14) 
14 normal 


Dixon and co-workers 
1952 (15) 

Eisenmenger and Slater 
1953 (16) 

Havens and co-workers 
1953 (17) 


8 normal 


9 normal 
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Fic. 3. EFFECT OF TERMINATING AN EXPERIMENT AT Day 15. 
cates the rate of disappearance as employed in this study. 
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The solid line indi- 
The dotted line indicates the 


apparent rate of disappearance had the study been terminated on Day 15. 


dent that a wide range of values for this determi- 
nation was encountered both in the normal sub- 


jects and in the patients studied. 

A review of the literature reveals a similar 
spread of values for the half-time of serum globu- 
lin disappearance among normal subjects stud- 


ied by different investigators (Table IV). It will 
be seen that the values for the control subjects in 
the present study are considerably longer than 
those recorded in Table IV. In some of these 
studies in which relatively short half-times of se- 
rum disappearance were found, the subjects were 
not followed for a period long enough to ensure 
that the curve plotted from the data approached 
a constant slope. Figure 3 illustrates the effect 
of a long as opposed to a short period of observa- 
tion on the calculated rates of serum disappear- 
ance. 

The possiblity that the labeling of proteins by 
radioactive iodine may alter their biological prop- 
erties has been considered by several investigators 
(20, 21). In the preparation of the labeled pro- 
tein used in this study, the ratio of moles of iodine 
to protein was calculated so that a maximal la- 
beling of 3 atoms of iodine per molecule of 
y-globulin was anticipated. McFarlane (22) 
has found that proteins lightly labeled with I" 


have rates of catabolism similar to those of C**- 
labeled material. Nevertheless, inferences about 
the metabolism of endogenous proteins from data 
obtained by the use of labeled protein must be 
guarded. The interpretation of tracer studies of 
this type is subject to a number of hazards. In 
addition to problems of sampling and measure- 
ment are those which involve the kinetics of distri- 
bution of the tracer material. These may be ex- 
ceedingly complex. They have been discussed 
by Wrenshall (21) and by McFarlane (23). 
Despite these difficulties, some information of in- 
terest has been obtained. 

The half-time of serum disappearance was ac- 
celerated in two of three patients with amyloido- 
sis. One of these patients had “primary” disease ; 
the other, pre-existing rheumatoid arthritis. 
Both, however, had clinical and laboratory evi- 
dence of the nephrotic syndrome. Since Gitlin 
and associates have shown that subjects with 
nephrosis from causes other than amyloidosis may 
have a shortened serum y-globulin disappearance 
time (10), that state may have been the cause 
of the finding in these two patients. It is of in- 
terest that the half-time of y-globulin disappear- 
ance was shortened in Subject N.S., both before 
and after he developed clinical evidence of amy- 
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loidosis. The pathogenesis of the shortened cata- 
bolic half-life of y-globulin Cemonstrated in ne- 
phrotic subjects by Gitlin and co-workers is not 
known. The first study on Subject N.S. was 
performed 9 months before clinical evidence of 
nephrosis presented, and it is possible that a state 
of abnormal globulin metabolism was already 
present at that time. The fact that the third 
individual (G.P.), with very extensive primary 
amyloidosis but without nephrosis, showed a nor- 
mal serum disappearance time suggests that the 
abnormal finding in the others was not due to 
amyloidosis per se. 

Three of the four patients with rheumatoid ar- 
thritis showed a serum y-globulin survival time 
within the normal range. It was definitely short- 
ened in the fourth subject, L.S. Although this 
patient was, in general, comparable to the others, 
it is interesting that she is the only one with a 
high serum titer of rheumatoid factor. The rate 
of catabolism of the injected y-globulin was simi- 
larly accelerated in this patient, showing that the 
rapid rate of disappearance from the serum was 
not due to sequestration of the protein in extra- 
vascular pools. Rheumatoid factor is capable of 
binding aggregated y-globulin im vitro (24) and 
might conceivably do so when pooled y-globulin 
is injected, thereby forming a complex which is 
more rapidly removed from the circulation and 
catabolized. Although, in accordance with the 
present evidence, this would be expected only if 
the injected y-globulin were aggregated in some 
manner, the possible effects of the iodination pro- 
cedure in this regard cannot be overlooked." 

The results obtained in this study may be com- 
pared with those of Vaughan and colleagues (25) 
who studied a group of patients with rheumatoid 
arthritis by a technique similar to that used here. 
Their results revealed a slightly but significantly 
more rapid rate of y-globulin disappearance in 
the arthritics as compared with normal subjects. 
The duration of the individual studies was only 11 
days, however, and for the reasons given above, 
this is probably too short to permit valid com- 
parison. It is not known whether any of 
Vaughan’s cases exhibited rheumatoid factor in 
high titer. 

1 Ultracentrifugal analysis showed that 94 per cent of 


the protein before iodination had a sedimentation coeffi- 
cient of 7S. 
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The rate of y-globulin catabolism agreed reason- 
ably well with the half-time of serum disappearance 
in most instances in the present study. In sev- 
eral, however, it was very much accelerated. 
Technical difficulties were probably responsible 
for this discrepancy in three subjects—G.P., 
N.S.1 and F.T. Determination of the true rate 
of protein catabolism depends on the rate of ex- 
cretion of the free radioactive marker in the 
urine and feces. Urine collections must be com- 
plete and continued until a constant rate of ex- 
cretion is attained. In the three cases referred 
to above, the urine collections were unsatisfac- 
tory and the radioactivity became too low to meas- 
ure accurately before either urine or serum ac- 
tivity had reached a constant rate of decline. 

In a fourth study, B.S., in which urine col- 
lections were satisfactory, the rate of catabolism 
exceeded the rate of disappearance from the se- 
rum by a considerable factor. This finding can 


only be explained by the assumption that catabo- 
lism at a more rapid rate is taking place from some 
pool which is not in immediate exchange with the 
vascular one. While this would tend to delay the 
time required for the urine excretion curve to ap- 


proach an asymptotic form, the difference in rates 
and the scatter of individual values tended to ob- 
scure this feature of the curve. It is therefore 
possible that the observed rate of catabolism is not 
the final rate which might have been attained had 
the experiment been prolonged. 

Attempts to analyze the data from systems in 
which different rates of exchange occur between 
complexly related pools depend on certain assump- 
tions which are difficult to prove; a fact that has 
limited the potential of this kind of study. 


SUMMARY AND CONCLUSIONS 


1. The serum survival time and catabolic half- 
life of intravenously injected I'*'-labeled pooled 
human y-globulin were studied in three patients 
with amyloidosis, four patients with rheumatoid 
arthritis and three normal controls. 

2. The half-time of y-globulin survival in the 
control subjects ranged from 16.5 to 30 days. 

3. Two patients with amyloidosis, one primary 
and one secondary, both with the nephrotic syn- 
drome, exhibited shortened serum half-times of 
4.5 and 11 days, respectively. The serum half- 
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time of the latter patient, before the appearance 
of clinical amyloidosis, was 14 days. 

4. One patient with primary amyloidosis but 
without nephrosis exhibited a half-time of serum 
y-globulin disappearance of 21 days. 

5. The half-time of y-globulin disappearance in 
four patients with chronic active rheumatoid ar- 
thritis varied between 19.5 and 8.5 days. The 
lower figure was found in a patient having a high 
titer of rheumatoid factor. If this subject is ex- 


cepted, the average half-time in three rheumatoid 
subjects is 17 days. 

6. The catabolic half-life of the iodinated y-glob- 
ulin agreed in most instances with the serum half- 


time. 

7. The calculated distribution space of the in- 
jected y-globulin showed no consistent alteration 
in either amyloidosis or rheumatoid arthritis as 
compared with the control subjects. 

8. Since the nephrotic syndrome from other 
causes may produce an accelerated catabolic half- 
life, a similar finding on our subjects cannot be 
ascribed to amyloidosis. 


CASE HISTORIES 


1. G.P. (M.G.H. no. 34 56 65). Two years prior to the 
study, this 55 year old bus driver noted the appearance 
of hemorrhagic blisters and red blotches on his eyelids, 
in his groins, and behind his ears. During the ensuing 
period he developed hypertrophic overgrowth of tissue 
in his auditory canals and papular masses on his tongue. 

Physical examination was remarkable only in regard 
to the skin and tongue changes noted above. The liver 
and spleen were not palpable. Routine blood studies and 
urinalyses were negative. Biopsy of the papules on the 
tongue and ear and of the gingiva showed an infiltration 
of the skin with metachromatically staining, Congo red- 
positive material. 

The patient died 8 months after study, probably as a 
result of cardiac arrhythmia. Autopsy disclosed exten- 
sive amyloid infiltration of the skin, tongue, thyroid and 
heart. There was no involvement of liver, spleen or kid- 
neys. 

2. N.S. (M.G.H. no. 20 57 55). This 37 year old man 
had experienced severe crippling rheumatoid arthritis 
since he was 14 years of age, and from the age of 26 was 
confined to bed and wheelchair. 

At the time of the first study in July 1957, physical 
examination revealed severe deformities of hands and 
feet and greatly limited motion of temperomandibular, hip, 
knee and ankle joints, and spine. The liver and spleen 
were not palpable. 

During the ensuing year he had a mild exacerbation of 
his arthritis, developed 2+ albuminuria for the first time, 
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his liver became enlarged, and a Congo red test showed 
only 12 per cent retention in the serum. Gingival and 
renal biopsies showed changes consistent with a diag- 
nosis of amyloidosis. 

The patient developed slowly progressive uremia and 
died in June 1959. An autopsy revealed amyloidosis in- 
volving primarily the liver, spleen and kidneys. 

3. B.S. (M.G.H. no. 52 60 05). This 60 year old 
woman had rheumatoid arthritis of 34 years’ duration. 
Its course was characterized by many exacerbations and 
remissions initially involving the peripheral joints and, 
at a later date, the spine. The arthritis was accom- 
panied by psoriasis and 3 years before study mild dia- 
betes was discovered. She never developed rheumatoid 
nodules. 

Physical examination revealed moderate limitation of 
most peripheral joints, hips and spine. The liver and 
spleen were not palpable. Routine blood and urine stud- 
ies were not remarkable. A gingival biopsy was nega- 
tive for amyloid. Congo red tests have been negative on 
several occasions. 

4. J.P. (M.G.H. no. 78 72 05). This 61 year old 
woman had rheumatoid arthritis of 9 years’ duration. 
The hands, wrists, elbows, knees, feet, temperomandibu- 
lar joints and cervical spine became involved early in her 
Although the disease gradually became less ac- 
Typi- 


course. 
tive, a complete remission was never achieved. 
cal rheumatoid subcutaneous nodules were present. 

Physical examination disclosed moderately advanced 
stigmata of rheumatoid arthritis. Laboratory studies re- 
vealed normal blood indices. Urinalysis was negative 
except for a trace of albumin. A Congo red test showed 
67 per cent retention in the serum. 

5. L.S. (M.G.H. no. 74 53 16). The patient was a 62 
year old housewife with rheumatoid arthritis of 8 years’ 
duration. Starting in her hands and feet, the articular in- 
volvement spread to the knees, shoulders, cervical spine 
and temperomandibular joints. During two severe ex- 
acerbations she received corticosteroid therapy. Her dis- 
ease was only moderately active at the time of the study 
and the corticosteroid therapy had been stopped 4 months 
previously. 

Examination revealed moderately reduced mobility of 
the above-mentioned joints with slight periarticular swell- 
ing. Subcutaneous nodules were not present. Blood 
studies revealed a moderate normochromic anemia with 
a hemoglobin of 11.4 g. Urinalysis showed 2+ albumin 
and 20 to 30 white blood cells per high-power field. A 
Congo red test was negative, 62 per cent of the dye re- 
maining in the serum. The latex fixation test was posi- 
tive in a dilution of serum greater than 1 : 2,560. 

6. F.T. (M.G.H. no. 67 96 90). The patient was a 63 
year old laborer who had been admitted to the hospital 1 
month previously because of an active duodenal ulcer 
and iron-deficiency anemia. Past history was negative 
except for pneumonia 10 years previously and chronic 
alcoholism. 

Physical examination was unremarkable. Laboratory 
studies revealed no evidence of renal or hepatic dysfunc- 
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tion. Total serum protein was 6.6 g; albumin, 4.5 g; and 
globulin, 2.1 g per cent. 

7. M.F. (M.G.H. no. 98 66 63). This 50 year old truck 
driver noted the insidious onset of edema of the feet, 
ankles, face and hands 1 year before the time of the 
study. There had been no preceding respiratory or 
other infections. A urinalysis 6 months prior to the 
onset of symptoms was normal. 

The patient was admitted to the hospital 6 months be- 
fore the present study. The physical examination at that 
time was negative except for moderate edema of the feet 
and hands. Routine blood studies were normal. The 
urinary sediment contained moderate numbers of white 
cells and the 24-hour protein excretion varied from 10 
to 60 g. Urine culture was sterile. The renal creatinine 
clearance was 137 L per 24 hours. 

A Congo red test revealed no retention of dye in the 
serum and a renal biopsy showed massive amyloidosis. 
A trial of prednisone therapy on two occasions produced 
no improvement and the drug was discontinued 3 months 
before the time of study. 

At the commencement of this study the physical find- 
ings were essentially as described above except that the 
liver and spleen were just palpable. Urinary protein ex- 
cretion was 8.5 and 9.8 g per 24 hours on two occasions. 
Sulfobromophthalein retention was 22 per cent at 45 min- 
utes. No medications were given during the study. 

8. J.G. (M.G.H. no. 27 41 01). This 48 year old man 
had contracted poliomyelitis at the age of 6 months. As 
a result he had a flail right shoulder, weak right elbow 
and almost flail feet bilaterally. Due to falls over the 20 
years prior to admission, he sustained fractures of the 
right femur, left hip and left tibia, the last occurring 6 
months before study. His past history was otherwise 
negative. At the time of study, he was up in a wheel- 
chair undergoing a physical therapy program. Physical 
examination, except as above, and routine laboratory 
studies were entirely negative. 

9. F.W. (M.G.H. no. 84 89 06). This 41 year old itin- 
erant worker was admitted to the hospital specifically 
for study as a control subject. He had been well all his 
life except for moderate alcoholism since the age of 15. 

On physical examination he appeared normal. There 
were no stigmata of cirrhosis. Routine blood and urine 
studies were negative. Liver function studies were 


normal. ; 


APPENDIX 


In two cases (N.S. 2 and M.F.) the excretion of protein- 
bound radioactivity in the urine was sufficiently great to 
permit accurate counting, and the half-times for serum 
activity disappearance were corrected by the following 
method. 

Assumptions involved in the calculations were: a) inter- 
compartmental mixing of the labeled protein is complete 
and takes place at rates greatly in excess of the combined 
rates of excretion of protein and nonprotein activity into 
the urine, and 5) the concentration of free radioiodide in 
the blood is negligible. Therefore, 


Ct = Co etki 
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where Ct = the observed serum activity at any time ¢ after 
mixing is complete; Co = the serum activity at ¢ = 0; 
k, = the rate constant for the loss of protein-bound activ- 
ity into the urine; k2 = the rate constant for the loss of free 
radioiodide into the urine. 

The values for each of these constants may be deter- 
mined by the relation 


ki/ki + ke 
= urine protein-bound activity/total urine activity 
for any given period after mixing is complete. 
From these data ke may be determined and a corrected 
half-time of disappearance of iodinated y-globulin from the 
serum computed. 
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The determination of ascorbic acid in white blood cells. A comparison of W.B.C. ascorbic acid and phenolic acid excretion in 
elderly patients. By K. W. Denson and E. F. Bowers. 


Respiratory reflexes in man and other mammalian species. By J. G. WiDDICOMBE. 
ee on the variability of the specific activity of potassium in the measurement of total exchangeable potassium. By 
TAFFURTH. 
ee arty of the renal mechanisms of excretion of mecamylamine and indolylacetic acid in the dog. By K. D. G. Epwarps, 
. A. CRawrorpb, W. J. Dempster, M. D. MILNE and A. SICINSKI. 
some haptoglobins and other tests in the diagnosis of hepatobiliary jaundice. By J. A. Owen, R. PapAny! and H. Situ. 
The anti-diuretic hormone and liver damage. By R. R. CHAupHuRY, H. K. Cuutrrani and V. RAMALINGASWAMI. 


Effect of vasopressin on the volume of body fluid compartments and its relation to aldosterone excretion. By J. R. Cox, P. J. 
LEONARD and BERTHA SINGER. 


The association between protein and bilirubin in liquor amnii. By A. E. WILD. 


The effect of natural oils and triglycerides on the electrolyte eye of muscle cells in the rat—augmentation of the sodium 
pump. By Dona.p B. CHEEK, MALVINA MALINEK and A. B. 


Thyroxine-binding capacity of the carrier protein fraction in serum “* ccietis with thyroid dysfunction. By A. BAKKER, M, G. 
WOLDRING and H. DoorRENBOos. 


Studies on the efferent mechanism of the sodium diuresis which follows the administration of intravenous saline in the dog. By 
H. E, pE WARDENER, Ivor H. MILs, W. F. CLAPHAM and C. J. HAYTER. 


Studies on the afferent mechanism of the sodium chloride diuresis which follows intravenous saline in the dog. By Ivor H. 
Mi.ts, H. E. DE WARDENER, C. J. HAYTER and W. F, CLAPHAM, 


Subscription Rate: $13.50 per volume of three parts. ($27.00 per year) 


orders may be placed with your bookseller, or sent direct to the publishers 


CAMBRIDGE UNIVERSITY PRESS 
32 East 57th Street, New York 22,N. Y. Bentley House,'200 Euston Road, London, N.W. 1 
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J.C.I. SUPPLEMENTS 
Order while still available 

Symposium on Malaria 

May, 1948, Part II $2.00 
Symposium on Antibiotics 

September, 1949, Part I $2.00 
Symposium on Radioactive Isotopes 

November, 1949, Part I $2.00 
Treatment of Acute Infectious Hep- 
atitis 

July, 1955, Part II $1.50 
The Renal Lesion in Epidemic 
Hemorrhagic Fever 

January, 1957, Part II $1.50 
Metabolic Studies in  Paralytic 
Acute Anterior Poliomyelitis 

June, 1957, Part II $1.50 

2 

Studies on Influenza in the 1957- 
1958 Pandemic 

January, 1959, Part II $1.50 
History of the A.S.C.I. 

October, 1959, Pt. II $1.50 


Order through the Business Office of 


THE JOURNAL OF CLINICAL INVESTIGATION 
333 Cedar Street New Haven 11, Conn. 


WANTED 


Back Issues of 


THE JOURNAL OF 
CLINICAL INVESTIGATION 
January, May, June, July, (Pt. I), 
September, through December, 
1955 
February, July, August, Sept., and 
November, 1959 
February and October, 1960 
75¢ per copy and postage 


For particulars about mailing write to 


The Journal of Clinical 
Investigation 
Business Office 
333 Cedar Street 
New Haven 11, Conn. 


feeds heparis into the 
out. letting heparin into the t 


the 


_* Write and we will forward reprints of published f papers. 


TECHNICON INSTRUMENTS CORP. 


22 RESEARCH PARK + CHAUNCEY, NEW YORK 


. 
continuously/automatigally” 
wee 
ARA AMINOHIPURRJC ACIC 
ittle as 6 ml. 
two-lumen cannula is a is inserted into the 
blood stream; the inner cannula asp rates: 
| 


REVUE FRANCAISE D’ETUDES 
CLINIQUES ET BIOLOGIQUES 


October, 1961 


Vol. VI, No. 8 
Editorial 
Le Demembrement des Glomerulites. J. HAMBURGER. 


Original Articles 


Recherches sur le Role Joue par la Reduction des Besoins Tissulaires en Oxygene dans la Genese de 
l’Anemie par Carence Protidique. A. ASCHKENASY. 


Contribution a l’Etude Immunochimique des ‘‘Globulines Anormales’” du Serum au Cours du Myelome. 
J. M. Frve et R. CREYSSEL. 


Mesure des Temps de Circulation Chez 141 Sujets Normaux par une Technique Originale. Role de 
la Taille Chez l’Enfant, sur les Temps de Circulation de Bras a Bras. J. D&Mmos et P. MAROTEAUX. 


Sur les Accidents Renaux Avec Alcalose et Hypercalcemie Survenant Chez des Sujets Galtralgiques. 
Cu. VAN YPERSELE DE STRIHOU et J. CROSNIER. 


Original Notes 


Caracterisation de la o-Methylthyroxine (Nouveau Metabolite) dans l’Urine de Deux Enfants Encephalo- 
pathes, Euthyroidiens, Recevant de la 1-Thyroxine Marquee par 131;. R. Turpin, J. Rocne, G. SAvaBé, 
R. MicHe., J. CRUVEILLER et MARIA STUTZEL. 


Agglutinabilite Normale des Hematies A; Transfusees a Trois Malades Leucemiques de Phenotype a 
Modifie. Cu. Satmon, R. AnprRE et J. PHILIPPON. 


Determination Colorimetrique de l’Argent dans les Milieux Biologiques. MM. CAsTAGNA. 


pene Technique de Radiotherapie des Surrenales dans les Cancers du Sein Metastatiques. H. 
AMIOUL. 


a de la Captation Glucidique par les Globules Blancs de Rats Normaux “‘In Vitro.” E. Rasio 
et V. ConarD. 


Action du Phenethyl-Biguanide sur la Glycemie a Jeun a 1’Assimilation Glucidique du Rat Normal en 
Traitement AIGU. E. BaLasse et V. Conard. 


Les Facteurs de Groupes Seriques Gma, Gmb et Gmx Chez 79 Sujets Atteints de Myelome Multiple. 
R. AuprRAN, J. M. Fine, J. et C. Matte. 


Etude “In Vitro” de l’Action d’Une Macroglobuline sur le Complexe Prothrombinique. P. BouLet, 
J. Mrrouze, P. Baryon, M. Ropinet, G. PALErRAC et CL. J AFFIOL. 


Les Facteurs Gma, Gmb, Gmx, Gm-Like et InV Chez les Japonais. C. Roparts, L. Rivat, P.-Y. 
RoOusSEAU et J. LENOIR. 


General Review 


La Lymphocytophtisie Essentielle: Aplasie Lymphoplasmocytaire du Nourrisson Avec Alymphocytose 
et Hypogammaglobulinemie. F.FReycon, M. JEuNeE, F. Larsre et D. GERMAIN. 


Technical Note 
Etude des Chromosomes Humains a Partir de Leucocytes Sanguins. J. pe Groucny et M. Lamy. 


Subscription rate, $19.00 


Special rate for interns and residents, $13.00 


EDITIONS MEDICALES FLAMMARION, 22, rue de Vaugirard, PARIS 6eme. France. 
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BECKMAN DB SPECTROPHOTOMETER 


p) OFF ANALYSES TIME! 


The Beckman DB Spectrophotometer utilizes an 
exclusive double-beam system. This eliminates most 
adjustments required in single-beam units. Sepa- 
rate readings for reference and sample cells are 
unnecessary—you simply set the desired wave- 
length, insert the sample and reference and read the 
meter. Manual operation, wide wavelength range 
and direct readout combine with double-beam ac- 


tion to bring you up to 80% savings in routine 
analyses time. 


No. 68435A—Beckman Mode! DB Spectrophotometer, for 320 to 770 
mu wavelength ran ye, with tw | a rectangular ell 115 volts, 
50/69 cycle $1,790.00 
To extend range to 220 mu the following are needed: 

No. 68437A—UV Accessory Set $ 42.00 
No. 68437B—Hydrogen Lamp Power Supply $315.00 
Flame Attachment also available for use with Model DB. 


Ratio Recording Available 


Add a wavelength drive accessory and a Beckman 
Potentiometric Recorder to the Model DB and you have 
the lowest-priced true GT recording spectrophotometer 
available today! Features of the Beckman Potentio- 
metric Strip Chart Recorder make it the ideal companion 
for the Model DB. 


No. 67940A—Bec: 


tentioms $500.00 
No. 68438A—Wavelenath Drive A 


$ 79.00 


Ask your S/P Representative for complete specifications, or write... 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - Chicago - Columbus - Dallas - Kansas City 
Los Angeles - Miami - Minneapolis - New York - San Francisco - Washington 
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New Push-button Recorder 


NEW VERSATILITY = 
Liquid 
Scintillation 
Counting 
With the 
Packard 
Spectrometer 


Now you can count assortments of carbon-14 and tritium 
samples interchangeably without readjusting controls... 
perform double labeling at the true balance point for each 
isotope . . . or do both. In addition, the new Tri-Carb Spec- 
trometer with its expander-amplifier circuitry can be used 
for dual-channel gamma counting merely by adding a well 
detector. This versatility is a Packard exclusive—made 
possible by two separate channels of pulse-height analysis 
with individually variable amplifiers and four adjustable 
discriminator levels. 


Eye-level mounting of the elec 
tronic controls over the freezer 
provides maximum visibility, ease Other features include all-transistorized circuitry and con- 
or gberabon and results in sub venient mounting of all controls at eye level above the 


space freezer. Width of the instrument is reduced to a space- 
saving 3% feet. 


Three models in various combinations offer a total of nine 
liquid scintillation counting systems—refrigerated or non- 
refrigerated ... for automatic or semi-automatic operation. 
From this selection you can readily meet the requirements 
of your budget and provide for present and future needs. 
You’ll get the satisfaction and performance which ly a 
Tri-Carb Spectrometer—with its world-wide reputation for 
accuracy and reliability—can provide. Call your Packard 
representative or write for Bulletin AD-1002. 


Announcing: 5th Annual Symposium on Advances in Tracer Methodology, 
Washington, D.C., Oct. 20. Write us for program and advance registration. 


BRANCH OFFICES 
ac ke ar d CHICAGO + ALBUQUERQUE + ATLANTA + BOSTON + DALLAS 
LOS ANGELES » NEW YORK + PHILADELPHIA + PITTSBURGH 
SAN FRANCISCO WASHINGTON, D.C. ZURICH HANOVER + PARIS 


PACKARD INSTRUMENT COMPANY, INC. 
LA GRANGE 53, ILLINOIS 


LANCASTER PRESS, INC., LANCASTER, PA, 
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